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Chapter I. Introduction 
I.1 General context and scope of this 
thesis 
Although the domain of materials science has generated numerous and 
very diverse sub-domains during the last decades, its ultimate goal can still be 
resumed in one sentence: the development of “smart” materials with novel 
properties and the potential to revolutionize at least one scientific or 
technological area and, in parallel, the gain of deeper insights into the 
fundamental physical and chemical mechanisms that determine these specific 
properties. The two aspects require the sub-domain of materials analysis to 
rapidly adapt its techniques to the new trends, such as for example the 
characterization of ultra-shallow junctions for photovoltaic applications, the 
determination of doping profiles over a large concentration range in the domain 
of semi-conductors, or the study of interfacial reactions in nanomaterials. Due 
to the increasing complexity of the analytical requirements, time-consuming 
multi-technique characterization is often the only way to yield the desired 
information about a sample. 
Secondary Ion Mass Spectrometry (SIMS) is among the techniques that 
are commonly used for surface or interface characterization. It is based on 
sputtering of solid (or liquid) surfaces by an ion beam and determination of the 
mass-to-charge ratio of the ionized fraction of the emitted particles. SIMS is 
characterized by its extreme surface sensitivity and very low detection limits 
that are in the ppb range for some applications. Elemental and molecular 
detection, surface imaging, depth profiling, and 3D-reconstruction of small 
sample volumes are possible for a large variety of materials. However the main 
limitation of SIMS is its inherent incapability of providing quantitative information 
about the sample composition. This is due to the so-called matrix effect: the 
ionization efficiency of an ejected particle (and thus its probability of being 
detected) strongly depends on its chemical environment in the sample.  
Chapter I: Introduction 
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Several approaches have been developed in order to reduce the matrix 
effect in SIMS. One of them is the Storing Matter technique developed at CRP – 
Gabriel Lippmann, which consists in decoupling the sputtering of the sample 
surface from the analysis step: first, the sample is sputtered by an ion beam, 
and the emitted particles (ions, neutrals, radicals, atoms and molecules) are 
deposited at sub-monolayer level onto a dedicated collector. The collector with 
the deposit is then transferred under ultra-high vacuum conditions to an 
analytical instrument (mainly static and dynamic SIMS). Since the deposit 
coverage on the collector is inferior to a monolayer, the deposited particles are 
surrounded by the same matrix, i.e. the collector material. The Storing Matter 
technique therefore reduces the matrix effect encountered in SIMS analyses 
while the sensitivity can be kept high by choosing a collector material that will 
optimize the subsequent SIMS analysis of the deposit. Since the assembly of 
the prototype instrument at SAM a few years ago, very promising results have 
been published about the application of the Storing Matter technique to 
inorganic materials1,2, especially for samples typically used in the 
semiconductor industry.  
The objective of this thesis was to study the different mechanisms 
involved in the Storing Matter technique in the case of organic materials and to 
establish a specific experimental protocol for the application of the technique to 
such organic materials, the main challenge being the retention of molecular 
information by a reduction of fragmentation. In this first chapter, a general 
introduction about SIMS and Storing Matter, as well as a detailed technical 
description of the Storing Matter prototype instrument will be provided. The 
second chapter deals with the fundamental and instrumental aspects of TOF-
SIMS analysis of organic materials. The preparation of the collectors and of the 
organic samples is described in chapter 3. Chapter 4 presents the results of 
the detailed study of the different experimental parameters involved in the 
Storing Matter technique: the nature of the collector surface, the ion beam 
parameters for both the sputter-deposition and the analytical step, the amount 
of matter deposited onto the collector, as well as different preparation 
methods for the organic samples. Once the optimal experimental parameters 
are defined and the fundamental processes involved in the preparation and 
analysis of the organic Storing Matter deposits are better understood, the 
Chapter I: Introduction 
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technique is applied to polymer blends with varying compositions in order to 
evaluate its efficiency in circumventing matrix effects.  
 
I.2 Secondary Ion Mass Spectrometry 
(SIMS) 
I.2. (a)  Presentation of the technique 
In a SIMS instrument, the sample surface is bombarded by a primary 
ion beam. The impacting ions interact with the atoms and molecules close to 
the surface, and secondary particles (atoms, molecules, ions, electrons) are 
emitted. Only the ionized fraction, which represents less than 1% of the 
emitted matter, is detectable by SIMS. Identification of the secondary ion is 
possible by means of their mass-to-charge ratio (m/z).  
 
I.2. (b)  Static and dynamic SIMS 
Depending on the primary ion conditions, two different analysis modes 
can be distinguished: static and dynamic SIMS. 
Static SIMS (S-SIMS) was first introduced by Benninghoven3,4. This 
technique is mainly applied to organic samples, where it is necessary to 
preserve a certain amount of molecular information in order to identify the 
structure of the analyzed material. If the primary ion fluence is kept low (< 1013 
ions/cm2), less than 1% of the surface atoms are bombarded (for a surface 
atomic density of ~1015 atoms/cm2) and chemical damage is limited. In these 
conditions it is possible to obtain “fingerprint” mass spectra that may even 
contain (quasi-) molecular ions for a large variety of organic materials5. S-SIMS 
provides chemical information only from the uppermost few monolayers of the 
sample. 
In dynamic SIMS (D-SIMS), higher primary ion doses are used (up to 
1019 ions/cm2), and a considerable amount of sample material is eroded 
during the analysis. The intensities of selected secondary ions are recorded as 
a function of time. By converting the time-scale into a depth scale, one obtains 
Chapter I: Introduction 
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depth information with resolutions down to 1 nm in the case of low energy 
bombardment6. In general, little or no molecular information is preserved in 
dynamic SIMS, but only elemental ions and small clusters can be observed. 
However molecular depth profiling has become possible to some extent with 
the development of cluster ion sources (section II.6). 
 
I.2. (c)  Mass-separation and detection of secondary 
ions 
An extraction potential accelerates the ejected secondary ions into the 
secondary column where they are mass-separated. Finally, detectors measure 
the ion currents for each m/z. 
3 types of mass analyzers are used in SIMS7. Time-of-flight analyzers 
(TOF-SIMS) are used in static SIMS. The secondary ions are guided through a 
flight tube towards the detector. The time that a given ion needs to reach the 
detector (its “time-of-flight”) is a function of its m/z ratio. Mass resolutions 
(m/∆m) higher than 10 000 can be reached. With this type of mass analyzer 
all masses can be detected in parallel, which is not possible for the quadrupole 
and the magnetic sector. The transmission is high and the m/z range is 
virtually unlimited. Further details about TOF-SIMS are given in the next chapter. 
In a quadrupole analyzer, the secondary ions travel between 4 parallel 
hyperbolically shaped rods. Depending on the voltages that are applied to the 
different rods, only ions with a certain m/z ratio have a stable trajectory and 
reach the detector. Quadrupole analyzers are characterized by their small size, 
reasonable prizes, but poor mass resolutions.  
Magnetic sector analyzers are the most commonly used for dynamic 
SIMS since they provide good mass resolution and high transmission. Their 
principle is based on the fact that ions with different m/z ratios follow different 
trajectories in a magnetic field that is perpendicular to their direction of motion. 
 
Chapter I: Introduction 
15  
I.2. (d)  Applications of SIMS 
SIMS analyses provide valuable information about the chemical 
composition of a large variety of materials emerging from different scientific 
and technological domains: semi-conductors, microelectronics, 
nanotechnology, life sciences, geology, polymers, metals, ceramics, etc. 
Depending on the sample type and the desired information, different analysis 
modes are used: 
 mass spectra give information about the local composition of the 
outmost sample surface; 
 depth profiles provide insight into vertical composition changes 
(e.g. multilayer samples, doping profiles etc); 
 secondary ion imaging reveals the two-dimensional distribution of 
different elements on the sample surface. 
In order to get a maximum of information about a sample, different 
analysis modes can be combined. For example, by acquiring secondary ion 
images at different depths, a three-dimensional reconstruction of a sample is 
possible.  
 
I.2. (e)  Analytical performances and limitations of 
SIMS 
The analytical potential of SIMS is based on a unique combination of 
performances that distinguishes it from other surface analysis techniques:  
 its high sensitivity (down to the ppb-range for some elements) 
allows for the detection of trace elements, 
 all elements and isotopes (from H to U) are detectable, 
 the high mass resolution (especially for TOF-SIMS) makes isotopic 
analysis possible, 
 excellent lateral resolution for imaging applications (down to 50 
nm), 
 depth resolutions in the nm-range, 
Chapter I: Introduction 
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 high dynamic range for D-SIMS. 
Nevertheless, SIMS is not a universal solution for all surface analysis 
problems. The major weak point of this technique is the so-called “matrix effect” 
that makes it very difficult to quantify the results. The ionization efficiency of an 
element can vary over several orders of magnitude depending on the sample 
composition (i.e. the matrix). An example of a strong matrix effect is illustrated 
in Fig. I-1: the useful yields of Si (obtained by dividing the number of the 
detected Si+ ions by the number of sputtered Si atoms) for different Si-
containing samples were measured for different primary ions8. This example 
shows that the chemical environment of the investigated element can 
dramatically influence its useful yield, which may easily lead to erroneous 
conclusions about the sample composition. 
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Fig. I-1: Useful yield of Si as a function of primary ion and sample composition. 
Adapted from 8. 
 
The matrix effect can be used in a positive way in order to improve the 
sensitivity of the analysis. A common approach is the use of reactive primary 
ions that, after implantation into the sample surface, enhance the positive or 
negative secondary ion yields. An example is the use of Cs+ primary ions: as the 
fluence increases, Cs atoms are implanted into the sample and lower the 
surface work function. According to the electron tunnelling model, the 
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formation of negatively charged species is then favoured9,10. If one is rather 
interested in positive secondary ions, the use of an O2
+ beam may be useful. 
Here the positive ionization efficiencies are enhanced according to the bond-
breaking model11,12.  
Similarly, the ionization efficiencies may be increased by flooding the 
vacuum chamber with reactive gases such as O2 
13 or neutral Cs 14,15 during 
analysis. 
 
Since it is difficult to directly quantify the measurements, SIMS is often 
used in combination with complementary surface analysis methods, for 
example X-ray Photoelectron Spectroscopy (XPS), which is a quantitative 
technique but has a detection limit in the percent-range. 
Indirect quantification of SIMS results is possible with the help of 
calibration curves7,16,17. This requires several samples with well-known 
compositions that are very close to the “unknown” sample’s composition. The 
ratio between the signal intensity of an element and its real concentration in 
the sample is established by SIMS measurements. If the unknown sample is 
then analyzed under the same experimental conditions, its composition can be 
determined with the help of this calibration curve. This method is quite time-
consuming and is only possible if the sample composition is approximately 
known and homogenous. 
A few experimental methods have been derived from SIMS in order to 
reduce the matrix effect. Secondary Neutral Mass Spectrometry (SNMS) 
consists in post-ionizing sputtered neutrals (which represent around 99% of 
the emitted particles) by an electron beam or a laser18. In this case the 
detection probability of an element only depends on its concentration and not 
on the sample composition. The major drawback of SNMS is that, due to 
geometrical constraints, only a small fraction of the sputtered neutrals can be 
ionized. Indeed, the sensitivity of SNMS is around 3 orders of magnitude lower 
than for SIMS. 
Another experimental approach that reduces the matrix effect in SIMS is 
the detection of MCsn
+ clusters in the case of Cs+ primary ions and/or neutral 
Cs deposition8,19-22. It is assumed that these clusters are formed by 
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recombination of one or more Cs+ ions with a neutral atom (or a molecular 
fragment23) M above the sample surface. The signal of these cluster ions is 
thus almost independent of the sample’s composition. 
The Storing Matter technique has been developed in order to obtain 
quantitative results for a large variety of samples without losing the high 
sensitivity of SIMS. Its principle and the dedicated prototype instrument are 
described in the next section.  
 
I.3 The Storing Matter technique 
I.3. (a)  Principles of the technique 
The Storing Matter technique is based on an idea by Prof. G. Slodzian24. 
Initially the project was an international collaboration between Luxembourg 
(CRP Gabriel Lippmann), Belgium (Université de Namur) and France 
(Meca2000).  
Storing Matter consists in decoupling the sputtering of the specimen 
from the analysis step. First, the sample surface is sputtered by an ion beam, 
and the emitted particles (ions, neutrals, radicals, atoms and molecules) are 
deposited onto a dedicated collector. The collector with the deposit is then 
transferred under ultra-high vacuum conditions to an analytical instrument 
(mainly static and dynamic SIMS). 
If the deposit coverage on the collector is less than a monolayer, most 
of the deposited particles are surrounded by the same matrix, i.e. the collector 
material. Thus the Storing Matter technique reduces the matrix effect 
frequently encountered in SIMS analyses. At the same time, the sensitivity can 
be kept high by choosing a collector material that will optimize the subsequent 
SIMS analysis of the deposit. For example, a material with a high (or low) work 
function enhances the positive (or negative) secondary ion yields. In the case of 
organic samples, noble metal substrates are chosen to promote cationization. 
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I.3. (b)  The Storing Matter prototype instrument 
I.3. (b) i)  General description 
The Storing Matter prototype instrument developed at SAM25 consists of 
3 main sections (Fig. I-2):  
 
Fig. I-2: The different sections of the Storing Matter instrument.  
 
 Collector preparation (sections in yellow in Fig. I-2): the collectors 
(e.g. Si wafers) can be etched by an Ar+ ion beam in order to 
remove surface contaminants. In the collector coating chamber, 
thin metallic films are deposited by thermal evaporation under 
well-controlled conditions. 
 The sputter-deposition chamber (section in orange in Fig. I-2) is 
equipped with a floating low-energy ion gun. The collector is 
positioned a few mm above the sputtered sample surface. 
 Transfer and storage of the collectors (sections in white in Fig. 
I-2): the collectors can be transferred between the different parts 
of the instrument and to the analytical instruments without 
breaking the UHV conditions.   
The following pages provide a more detailed description of each section 
of the prototype instrument. 
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I.3. (b) ii)  The Argon etching chamber 
The collector surface can be etched by a large uniform Ar+ beam 
(diameter = 10 cm) in order to remove surface contaminations. The ion source 
(Kurt J. Lesker Company) delivers beam currents up to 2 mA at 25 eV and 67 
mA at 1200 eV.  
 
I.3. (b) iii)  The collector coating chamber 
In the collector coating chamber (Fig. I-3), metallic thin films can be 
deposited under well-defined conditions. Metal pellets of high purity (> 99.9%) 
are evaporated under UHV conditions (base pressure 10-9 mbar) and the 
evaporated material is deposited onto a substrate (generally cleaned silicon 
wafers).  
 
Fig. I-3: Global view of the collector coating chamber. 
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The collector coating chamber is equipped with several systems 
dedicated to the deposition of metallic layers: 
 Metal pellets are brought to evaporation by an electron beam in a 
UHV Multi-Pocket Electron Beam Source (Model 568, Telemark). 
This method is called Electron Beam Physical Vapour Deposition 
(EB-PVD). An electron beam is generated by a filament and 
deflected towards one of 6 crucibles containing high purity metal 
pellets.  
 Evaporation of the pellets can also be done in one of the 4 
effusion cells (SEJ 25/40, Meca2000). Maximal temperatures 
are 1400 °C or 1700 °C (one high temperature effusion cell). 
 2 quartz microbalances (MAXTEK) are used for monitoring layer 
thickness and deposition rate. 
 Reflection High-Energy Electron Diffraction (RHEED) gives real-
time information about changes in the surface coverage by 
adsorbed particles and about crystallographic orientation and 
morphology. The source (RHEED 35 R, STAIB INSTRUMENTS) 
delivers a focussed electron beam (< 100 µm) that strikes the 
sample surface at a grazing angle. The incident electrons are 
diffracted by the surface atoms, and the diffraction pattern is 
detected by a CCD-camera and a phosphor screen (kSA 400, k-
Space). 
 Residual Gas Analyzer (RGA200, Stanford Research Systems): a 
small mass spectrometer (200 amu) monitors the 
concentrations of the component gases present inside the 
vacuum chamber.  
 During the deposition, the sample stage can be rotated and 
heated (flash heating up to 1250 °C, heating during rotation up 
to 850 °C) in order to influence the growth mechanisms of the 
thin metallic films.  
The evaporation sources (crucibles and effusion cells) are situated 
around 1m below the sample position, which makes it possible to obtain very 
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uniform deposits. Furthermore, the chamber is surrounded by a double wall 
that can be cooled by liquid nitrogen in order to improve the UHV conditions. 
I.3. (b) iv)  The sputter-deposition chamber 
a. Sample stages 
The sputter-deposition chamber contains two motorized high-precision 
sample stages (Fig. I-4). The lower stage holds the sample to be sputtered. It 
can be moved horizontally by a motor in X and Y directions. Furthermore, the 
sample position can be manually adjusted on the vertical axis and it can be 
rotated or slightly tilted. The position of the sample stage on the X- and Y-axes 
can be read from a sample stage controller with a precision of 1 µm (SPRITE 
HR2 stagecontroller joystick, Deben). It is possible to program linear 
movements of the sample stage at well-defined speeds. 
The upper sample stage holds the collector. It can be translated by a 
high-precision motor along X, Y, Z axes and rotated around its own axis 
(SPRITE XYZR Meca2000 stagecontroller joystick, Deben). Rotation 
movements with a defined angular speed can be programmed.  
During sputter-deposition experiments, the collector is placed 3-4 mm 
above the sample (Fig. I-4). 
 
Fig. I-4: Position of the sample stages during sputter-deposition experiments. 
 
Primary ion gun 
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Fig. I-5: Experimental setup used for sputter-deposition of polymer samples 
under static bombardment conditions.  
 
Fig. I-6: Experimental setup for making a depth profile of a multi-layered sample 
with the Storing Matter technique.  
 
Two different experimental setups are used for sputter-deposition, 
depending on the sample type and the goal of the experiment: 
 Moving the sample stage during sputter-deposition is useful if the 
primary ion fluence should be kept low (Fig. I-5). Particles emitted 
from different areas of the sample are deposited on the same 
spot on the collector. This setup is mainly used for homogenous 
organic samples for which the primary ion fluence needs to be 
below the static limit (<1013 ions/cm2) in order to preserve 
molecular information. 
 For depth profiling with the Storing Matter technique, the sample 
stage is not moved but the collector is rotated during sputter-
deposition. This makes it possible to transform depth information 
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from the sample into lateral information on the collector (Fig. I-6). 
In this case, an aperture of 0.5 mm in diameter is placed 1 mm 
below the collector (Fig. I-4). The exact position of this aperture 
with respect to the impact point of the primary ion beam on the 
sample needs to be carefully adjusted so that the maximum of 
secondary particles will pass through it.  
b. The floating low-energy ion gun 
The floating low-energy ion gun was designed to operate at impact energies 
ranging from 100 eV to 10 keV with beam currents up to several hundred nA 
and spot diameters in the µm range26. The impact angle of the beam on the 
sample is 45°. The primary ions (Ar+, Xe+ or O2
+) are generated inside a cold-
cathode duoplasmatron (Cameca) and accelerated by an extraction electrode. 
The ions enter into a flight tube, which is equipped with different optical 
components (lenses, deflectors, Wien filter). The flight tube is at high-voltage 
when the gun is operated in the floating mode. For positive ions of 200 eV 
(source at 200 V, target at ground) for example, the flight tube is floated to –
7300 V.  
 
Fig. I-7: Potential drawings of a traditional column and a floating column. 
Adapted from 26. 
 
The advantage of using the floating mode for low impact energies is that the 
transport energy stays high (7.5 keV in the case of the example in Fig. I-7). A 
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low transport energy E would lead to a high relative energy spread (∆E/E), ∆E 
being the energy spread of the ions at the exit of the source. The chromatic 
aberrations induced by the different elements of the column would increase 
drastically: 
E
ECd cc
∆
⋅⋅= α  (Equation 1) 
where d
c
 is the diameter of the disk of least confusion induced by chromatic 
aberrations, C
c
 is the chromatic aberration constant depending on the ion 
optical system, α is the half-angle of the beam. 
 Furthermore, space charge repulsion during low energy beam 
transportation causes the beam to diverge, and the brightness of the ion 
source (and hence the ion current density) is proportional to the extraction 
voltage. 
c. Raster controller and secondary electron detector 
The ion beam is rastered over the sample surface by a set of 4 
deflector plates (raster voltages up to 440 V, corresponding to a raster area 
of 1.5 . 1.5 mm2 at 10 keV impact energy). The rastering of the ion beam is 
synchronized with a secondary electron/ion detection system (IGM 300, 
Ionoptika). Secondary electron imaging of calibration grids gives information 
about the spot size, which is in the µm-range for an impact energy of 10 keV. 
d. Electron gun 
The sputter-deposition chamber is also equipped with a Kimball Physics 
EMG-4212 electron gun, which may be used for charge compensation during 
sputtering of insulating samples or for SEM imaging in combination with the 
secondary electron detector installed on the same chamber. It can be operated 
at energies up to 30 keV.  
e. Secondary ion detector 
A secondary ion detector can be mounted to the sputter-deposition 
chamber for angular distribution measurements of the emitted secondary ions. 
Since the secondary ions have energies of only some tens of eV, they need to 
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be accelerated for an efficient detection. However, an electrostatic field would 
strongly distort the angular distribution of the secondary ions. Thus the housing 
and the entrance slit of the developed detector are grounded, and it is only 
inside the detector that the ions are successively post-accelerated by a series 
of three electrodes (Fig. I-8). 
For angular distribution measurements, the detector is translated on an 
axis parallel to the sample surface. The ions detected for a given detector 
position correspond to a certain emission angle.  
 
Fig. I-8: Schematic drawing of the secondary ion detector. 
 
I.3. (b) v)  Collector transfer inside the Storing Matter 
prototype and to analytical instruments 
One of the most important criteria for the design of the prototype 
instrument was the cleanliness of the collectors. The entire Storing Matter 
process and the analysis step take place at pressures between 10-10 and 10-8 
mbar, which greatly reduces the adsorption of air contaminants.  
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A specially designed cart with 10 sample positions (Fig. I-9) can be 
moved by a magnet through the 5 m long UHV transfer tube of the Storing 
Matter instrument. The collectors are introduced into the Ar+ etching chamber, 
the collector coating chamber, the sputter-deposition chamber or the UHV 
suitcase by transfer rods. 
 
 
Fig. I-9: Cart for collector transfer between the different parts of the Storing 
Matter instrument. 
 
For the transfer of the collectors to analytical instruments (static or 
dynamic SIMS, XPS, etc), three specially developed UHV suitcases (pressure: 
10-9 mbar) with 5 sample positions are available at SAM (Fig. I-10)27. All 
analytical instruments at SAM (except TEM and SEM) are equipped with 
dedicated docking stations and universal sample-holders.  
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Fig. I-10: UHV suitcase for collector transfer between different instruments. 
battery 
ion getter pump 
vacuum gauge 
valve docking flange 
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Chapter II: SIMS analysis of organic materials 
29  
Chapter II. SIMS analysis of organic 
materials 
SIMS is a very surface sensitive technique that provides fast and 
detailed molecular information about a large variety of materials. For organic 
samples, mainly Time of Flight SIMS (TOF-SIMS) instruments are used. This 
chapter deals with instrumental and fundamental aspects of TOF-SIMS and 
describes the ionization/fragmentation mechanisms leading to the emission of 
molecular secondary ions. In order to reduce the accumulation of chemical 
damage in organic materials, the mass spectra are generally acquired with a 
low primary ion fluence. This approach is called static SIMS (S-SIMS). 
The two last sections of this chapter present experimental strategies 
dedicated to improving different aspects of a TOF-SIMS analysis: for example, 
metal-assisted SIMS (MetA-SIMS) enhances the cationization of organic 
fragments and parent-like molecules, and the development of cluster primary 
ion sources has made molecular depth profiling of many organic materials 
possible.  
 
II.1 Principles of TOF-SIMS 
II.1. (a)  Primary ion beam 
One of the main challenges in SIMS analyses of organic samples is the 
retention of molecular information that is necessary for an unambiguous 
identification of the analyzed substance(s). Thus the primary ion conditions 
need to be particularly soft in order to reduce the fragmentation mechanisms 
that occur during and after bombardment. In a TOF-SIMS instrument, this is 
mainly achieved by using a pulsed primary ion beam with a current of typically a 
few pA. Since the pulses are very short (~ 1 ns), the sample surface is exposed 
to the primary ion beam only during a small fraction of the acquisition time of a 
mass spectrum, and the probability of hitting the same atomic site twice during 
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the analysis is very low. The primary ion fluence (also called dose density) is 
defined as the number of impinging projectiles per surface area28: 
eA
Itd =       (Equation II-1) 
where I is the primary ion current, t the bombardment time, e the 
elementary charge (e = 1.6 . 10-19 C), and A is the area of the bombarded 
surface. Considering that typical surface atomic densities are of the order of 
1015 atoms/cm2, a fluence of 5 . 1012 ions/cm2 means that only 0.5% of the 
surface atoms are hit by a projectile.  
Commonly used primary ions include Ar+, Ga+, SF5
+, C60
+, Bin
+, Aun
+ etc. 
The impact energy is typically around 5 - 25 keV. If insulating samples are 
analysed, a pulsed low energy electron flood gun can be used for charge 
compensation29.  
 
II.1. (b)  Mass separation of the secondary ions 
The secondary ions (either positive or negative) are accelerated to the 
same kinetic energy over a short distance by an extraction voltage of typically 2 
kV. Their kinetic energy is given by the following equation:  
where m is the mass of the considered ion, v its velocity, z the charge, 
e the elementary charge, and V the potential difference in the acceleration 
zone. 
After being accelerated, the secondary ions fly through a long field-free 
drift region. The velocity of a charged particle is given by: 
m
zeV
v
2
=       (Equation II-3) 
Mass separation is possible at this stage since a heavier ion needs 
more time to travel through the drift region: 
zeVmvEkin == 2
2
      (Equation II-2) 
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eV
zmLt
2
/
⋅=       (Equation II-4) 
t is the flight time of an ion and L is the length of the drift tube (typically 
2 m). At the end of the drift region, the ions are post-accelerated (5 - 10 kV) 
towards a detection system composed by a channelplate, a scintillator and a 
photomultiplier. The secondary ion intensities are measured as a function of 
the flight time, and a mass spectrum is obtained by converting this time scale 
to a mass/charge (m/z) scale.  
 
II.1. (c)  Mass resolution 
The mass resolution is defined by m/∆m, where ∆m is the full width at 
half maximum (FWHM) of the considered peak. The width of a peak 
corresponding to a given m/z ratio is mainly determined by the pulse length of 
the primary ions and by the kinetic energy distribution (KED) of the secondary 
ions. A narrowing of the KED can be obtained by using a reflector to 
compensate for energy differences of the secondary ions. The reflector (also 
called “ion mirror”) consists of circular electrodes that generate a repulsive 
electric field in which ions with identical m/z ratio but slightly different kinetic 
energies follow different trajectories, so that they will finally reach the detector 
at the same time. This principle is called achromatic filtering. Mass resolutions 
higher than 10 000 can be achieved with the currently available instruments. 
 
II.2 TOF-SIMS instruments used for this 
work 
II.2. (a)  The TOFIII instrument by ION-TOF 
The TOFIII instrument (ION-TOF GmbH, Münster, Germany) (Fig. II-1) is 
equipped with an electron impact ion gun producing Ar+ primary ions, a Ga+ 
liquid metal ion gun (LMIG), a Cs+ sputter gun, and a pulsed low-energy electron 
beam for charge compensation. 
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Fig. II-1: Schematic view of the TOFIII instrument by Ion-TOF. Only the Ar+ gun is 
displayed. Figure adapted from Ion-TOF GmbH. 
 
The majority of mass spectra acquired in the frame of this work were 
obtained with Ar+ primary ions. A continuous Ar+ beam is accelerated and 
focussed onto a deflection unit. Here, discrete packages of primary ions are 
formed and deflected by 90°. These pulses are bunched down to 2 - 3 ns by an 
electro-dynamic field. The pulsed beam is then focussed and rastered over a 
small area of the sample surface (100 . 100 µm2). For this work, the Ar+ gun 
was used with 10 keV impact energy and a 45° impact angle with respect to 
the sample normal. The pulsed ion current was ~0.5 pA and the cycle time 
was set to 150 µs. The secondary ions were extracted at 90° from the sample 
surface with a 2 keV extraction potential and then post-accelerated to 5 - 10 
keV in front of the detector. Mass resolutions up to 10 000 are achievable with 
this instrument. 
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Fig. II-2: Schematic illustration of the working principle of a TOF-SIMS 
instrument. Figure from ION-TOF GmbH. 
 
The TOFIII instrument is equipped with a docking station for the UHV 
suitcase and a universal sample holder for the transfer of the collectors used in 
the Storing Matter instrument. The base pressure in the analysis chamber is 
approximately 5 . 10-9 mbar. 
 
II.2. (b)  The TOF5 instrument by ION-TOF 
A TOF5 instrument (ION-TOF GmbH, Münster, Germany) is available at 
SAM only since April 2011, therefore only a limited number of analyses could 
be carried out with this instrument. It is equipped with a cluster LMIG (liquid 
metal ion gun) with a Bi source, a dual source column with a C60 and a Cs 
source, and a flood gun for charge compensation. Heating and cooling of the 
sample stage is possible for temperatures ranging from –130 to +600 °C. The 
mass resolution achieved by the TOF analyzer is higher than 11 000 (FWHM) 
at m/z=29 for Bi+ primary ions. The base pressure inside the analysis chamber 
is approximately 5 . 10-10 mbar. The instrument is equipped with a docking 
station for the UHV suitcase and a universal sample holder for the transfer of 
the collectors used in the Storing Matter instrument. 
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For this work, Bi+ (25 keV impact energy), Bi3
+ (25 keV) and C60
+ (10 
keV) primary ions were used. The pulse widths were bunched down to less 
than 1 ns. The impact angle of all the ion guns is 45° in the TOF5 instrument 
and the secondary ions are extracted at 90° from the sample surface with a 2 
keV extraction potential.  
 
II.3 Fundamental aspects of molecular 
secondary ion emission 
II.3. (a)  Sputtering by ion bombardment 
Ion irradiation of a solid surface leads to a series of complex interactions 
involving the primary ions as well as target particles in the region surrounding 
the impact point. Depending on the parameters of the primary ion beam and 
the characteristics of the bombarded solid, these phenomena may lead to 
sputtering, i.e. the ejection of matter from the sample surface.  
 
II.3. (a) i)  Cascade regimes 
If the impact energy is high enough, the primary ion penetrates into the 
solid and undergoes a series of collisions with target atoms. At a certain depth 
(typically 20 - 50 nm)30, the projectile has lost all its kinetic energy and remains 
implanted in the target. The implantation depth of the primary ion and the size 
of the perturbed volume depend on the bombardment parameters (impact 
energy, incidence angle, primary ion type and atomic mass) as well as on the 
nature of the target (atomic mass, density, cristallinity, topography).  
The stopping power is defined as the energy lost by length unit in the 
target and can be decomposed into a nuclear and an electronic contribution 
(energy loss resulting from elastic binary collisions of the projectile with nuclei, 
or from electronic excitations). In the case of keV primary ions, the nuclear 
stopping regime is the predominant mechanism for energy deposition31. 
By colliding with target atoms, the projectile creates recoil atoms that 
may in turn generate secondary recoils and so forth. Based on the mechanism 
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of energy deposition in the near-surface region, three sputtering regimes 
(depending mainly on the impact energy and the nature of the projectile) can be 
distinguished32: 
 In the single-knockon regime, only a small number of target 
atoms are set in motion and secondary particles are emitted by a 
direct recoil process.  
 The concept of the linear cascade regime was developed by 
Sigmund30,32 and Thompson33 and is characterized by successive 
binary elastic collisions in the target, leading to a diffusion of the 
primary ion energy in the near-surface region. In this regime, the 
collision cascades resulting from different projectile impacts are 
separated in space.  
 This is not the case in the spike regime, where overlapping 
collision cascades generate a considerable volume of excited 
particles. 
 
Among these models, the linear cascade regime is best suited to 
describe the emission of secondary particles in static SIMS with keV primary 
ions where the use of very low primary ion fluences prevents an overlapping of 
different collision cascades. If an atom or molecule close to the surface 
receives enough energy and outwardly directed momentum from the collision 
cascade, it is ejected from the target. The minimum energy required for 
particle ejection is called the threshold energy for sputtering. Its values are 
typically some tens of eV and depend on the surface binding energy as well as 
on the ion beam parameters34. 
The concept of linear collision cascade sputtering described above was 
initially developed for atomic solids, but it can be adapted to describe the 
emission of fragments and intact molecules from molecular solids35: during the 
first stages of the collision cascade, the impacting primary ion causes 
fragmentation by breaking bonds in the directly hit molecules. These fragments 
then collide with their neighbour molecules and possibly cause these to break 
up too. As soon as the kinetic energy of a generation of recoils becomes 
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comparable to the binding energies (i.e. a few eV), intact molecules can be set 
in motion without being fragmented.  
II.3. (a) ii)  Sputter yields 
The sputter yield is defined as the number of sputtered atoms divided by 
the number of primary ions: 
ionsprimary   of  number
atoms sputtered of  number
Y =       (Equation II-5) 
The sputter yield depends on several parameters related to the primary 
ion beam (energy, incident angle, mass and atomicity) and the sample 
characteristics (atomic mass, chemical bonds, cristallinity, density and 
topography). 
MD (molecular dynamics) simulations by Delcorte illustrate how the 
collision cascade inside a PS tetramer solid is affected by an Ar+ projectile’s 
impact energy (Fig. II-3)36. With 10 keV impact energy a large sample volume is 
perturbed, and the tracks of several recoil atoms intercept the sample surface, 
which results in sputtering. For an impact energy of 1 keV, there are less 
recoils, their tracks are shorter, and sputtering is much less efficient.  
The sputtering yield initially increases with the impact energy, reaches a 
maximum somewhere between 10 and 100 keV, and then decreases again 
because the projectile’s energy is deposited too deep into the sample surface37 
(Fig. II-4). The impact energy corresponding to the maximal sputtering yield of a 
material depends on the mass of the primary ion: this maximum is located at 
lower energies for small primary ions because they penetrate deeper inside the 
target for a given impact energy. For the same reason, sputtering is more 
efficient for heavier primary ions. The penetration depth and thus the 
sputtering yield are also affected by the incident angle of the projectile with 
respect to the surface normal. The yield increases with the incident angle up to 
a value situated between 55° and 85° and drastically decreases for more 
grazing angles where an important part of the primary ion energy is reflected 
instead of being deposited into the near-surface region of the target34 (Fig. II-5). 
The critical incident angle above which the sputtering yield decreases is smaller 
for low energy primary ions38.   
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Since the sputtering yield depends strongly on the density of energy 
deposited in the near surface region from which particles can be ejected, it is 
obvious that in addition to the primary ion beam parameters mentioned above, 
several characteristics of the target itself also play an important role. In 
general, the denser the target material (i.e. high atomic mass, high atomic 
density, close-packed structures for crystalline materials), the higher the 
sputtering yield for a given set of primary ion parameters. 
 
II.3. (a) iii)  Characteristics of the emitted particles 
The depth of origin of the sputtered particles depends mainly on the 
atomic density, but the majority of sputtered particles originate from the first 
monolayer of the target39-41. Consequently, SIMS is an extremely surface 
sensitive technique. 
In the frame of the linear collision cascade theory, a cosine-like angular 
distribution of the emitted particles is predicted (for non-grazing incidence 
angles): 
α 
dΩ
dY ncos∝      (Equation II-6) 
 
α is the polar angle with respect to the surface normal, Ω is the solid 
angle of the emitted species, and n is generally between 1 and 2 42. At low 
impact energies, where binary collisions are the main sputtering mechanism 
(knockon regime), this distribution becomes under-cosine43. Fig. II-6 shows the 
angular distribution of Al+ ions sputtered from an Al target by 8 keV Ar+ ions 
with different incident angles with respect to the target normal. For oblique 
incidence angles, the preferential emission direction is closer to the specular 
direction. 
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Fig. II-3: Collision trees obtained for 1 keV (top) and 10 keV Ar+ (bottom) 
bombardment with 45° impact angle of a PS tetramer solid. The tracks of the 
projectile atoms and recoils with more than 10 eV kinetic energy are shown for times 
up to 200 fs. Each square corresponds to an area of 5 . 5 Å2. The gray bar represents 
the sample-vacuum interface. Figure taken from 3633. 
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Fig. II-4: Evolution of the sputtering yield of Ni as a function of the impact energy 
of Ar+ primary ions at normal incidence from different experimental datasets and 
theoretical models. Figure from 44. 
 
 
Fig. II-5: Evolution of the relative sputtering yield of a Cu target with the incident 
angle of Xe+ primary ions with different impact energies. Figure from 38. 
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In the linear cascade regime, the kinetic energy distribution (KED) of 
sputtered atoms is given by the Thompson law32,33 and is generally 
characterized by a steep increase for low energies, a maximum at a value of a 
few eV (corresponding approximately to half of the surface binding energy Us), 
and a high energy tail that decreases proportionally to E-2 :  
dE
UE
EdEEN
m
s
23)(
)(
−+
∝     (Equation II-7) 
 
 
Fig. II-6: Angular distribution of Al+ ions sputtered from an Al target by 8 keV 
Ar+ ions with incident angles θ of 0°, 45° and 60° with respect to the surface normal. 
Figure from 45. 
 
The value of the parameter m depends on the primary ion energy. For 
cluster and molecular secondary ions, the energy distributions are narrower, 
the maxima are situated at lower energies, and the high-energy decrease is 
sharper42.  
KED measurements of sputtered atoms, molecules or ions are a useful 
tool to obtain information about sputtering and/or ionization processes.  
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II.3. (b)  Ionization and fragmentation mechanisms  
Among the sputtered particles, only less than 1% is ionized. Since only 
this fraction is accessible by SIMS analyses, it is important to understand the 
mechanisms leading to the ejection of fragment or molecular ions. A typical S-
SIMS mass spectrum of a polymer contains a “fingerprint region” with atomic 
and small fragment ions, the intermediate mass range contains larger 
fragment ions or repeat units, and the high mass range consists of intact 
parent-like molecular ions. A realistic model for molecular ion formation should 
thus account for these 3 regions. 
A model that describes atomic ion formation from materials with 
(partially) ionic bonding (i.e. salts or metal oxides) is the bond-breaking model 
proposed by Slodzian46: the atoms leave the surface in a neutral but excited 
and auto-ionizing state and may become ionized via an Auger type de-excitation. 
The nascent ion-molecule model47,48 predicts that atomic and molecular 
fragment ions are formed by dissociation of neutral fragments above the 
surface. 
The first model that was especially dedicated to the explanation of 
molecular ion emission in static SIMS was Benninghoven’s precursor model 
that was based on mass spectra of amino acids deposited on different metal 
substrates49. This model supposes that preformed ions are already present in 
the sample before ion irradiation. Around the impact point of the projectile, an 
energy gradient is formed at the sample surface. The molecules that are very 
close to the track of the projectile are strongly fragmented, and only atoms or 
small fragments are emitted from this area. Further away, close to the 
borders of the excited area, the emission of large preformed molecular ions is 
possible (Fig. II-7). 
The desorption-ionization model developed by Cooks et al.50,51 predicts 
that, in addition to the contribution of preformed ions, the mass spectra also 
contain peaks corresponding to ions formed in the gas phase after ejection, i.e. 
either in the selvedge (by ion-molecule reactions or ionization by secondary 
electrons) or via metastable decay reactions in the field free region of the 
instrument.  
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Fig. II-7: Schematic view of the precursor-model for parent-like emission. The 
function E(r) represents the average energy E transferred to a surface species by the 
collision cascade at a distance r from the impact point. In the region surrounding the 
projectile impact point (r<R’), only atoms or small fragments are emitted. Further away 
(R’<r<R), intact molecular ions can be ejected. Figure adapted from 49. 
 
The contribution of metastable decay reactions to a mass spectrum can 
be determined by kinetic energy distribution (KED) measurements52-55. A 
molecular secondary ion ejected with an excess of internal energy breaks up 
into a smaller fragment ion and a neutral particle (unimolecular dissociation). 
The kinetic energy of the parent ion is then shared between these two species. 
The newly generated fragment ion will thus be detected with less kinetic energy 
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than a fragment ion that was formed directly at the surface. The probability of 
a secondary ion to undergo metastable decay depends on its internal energy 
content, which is determined by the efficiency of the recoil atoms to convert 
their translational energy to secondary ion vibrational energy. The contribution 
of metastable decay reactions to the total intensity in the mass spectrum can 
be as high as 50% for some secondary ions53,54. 
 
II.4 Matrix effects 
In SIMS, the intensity of a secondary ion is not only related to the 
concentration of its precursor in the analyzed volume, but it also strongly 
depends on the matrix, i.e. the chemical environment in the sample. An 
example of a matrix effect in PS/PMMA blend samples is shown in Fig. II-8: the 
absolute intensity of the C8H9
+ ion, which is characteristic for PS, with the PS 
content in the sample does not increase linearly with the PS content in the 
sample. 
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Fig. II-8: Absolute intensity of the C8H9
+ peak (m/z=105) as a function of the PS 
content of PS/PMMA blend samples. 
 
Matrix effects in SIMS can be classified into sputter-induced and 
ionization-induced matrix effects56. In the case of molecular secondary ions 
emitted from multi-component organic samples such as polymer blends or 
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copolymer systems, an additional contribution by different fragmentation 
mechanisms needs to be considered. For example, in styrene-butadiene 
copolymers the characteristic peaks are not unique to one of the components, 
but they can be formed via different fragmentation pathways from different 
precursors57. This kind of matrix effects in polymer samples can be due to 
short-range interactions between directly adjacent functionalities (matrix effect 
of first type, MEI) or long-range interactions between non-covalently bonded 
groups (matrix effect of second type, MEII)58. An example of a MEII is hydrogen 
bonding between two different functional groups. Hydrogen transfer is one of 
the main mechanisms that cause this type of matrix effects59-61. Vanden Eynde 
showed that short-range matrix effects can be generated by different end 
groups of PS chains62. In the case of random copolymers, a MEI is often 
observed: the suppression or enhancement of a characteristic fragment ion of 
one of the comonomers is related to the statistical distribution of different triad 
sequences63.  
 
II.5 Organic secondary ion yield 
enhancement by ME-SIMS and MetA-
SIMS 
It has been shown already some time ago that analyzing a thin organic 
layer on a metal substrate yields high secondary ion intensities, especially for 
unfragmented parent-like ions49,64. The main mechanism at the origin of this 
observation is an increased near-surface deposition of the projectile’s energy 
due to the high stopping power of the metal substrate, resulting in a higher 
ejection efficiency of the organic adsorbates as compared to the corresponding 
bulk organic sample65. Metal atoms set in motion by the collision cascade 
interact collectively with a large organic fragment, thus increasing the chance 
for the latter to be ejected without fragmentation66-69.  
This method can be linked to a general approach called matrix-enhanced 
SIMS (ME-SIMS), which is based on the more or less controlled exploitation of 
matrix effects in view of maximizing the secondary ion intensities70. 
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A similar and more recently developed approach is metal-assisted SIMS 
(MetA-SIMS), which consists in depositing a small amount of metal (most 
commonly Au or Ag) onto an organic sample prior to a static SIMS analysis71-74. 
Usually the metal is deposited by gas phase evaporation or sputter-coating, or 
a sub-monolayer of metal nanoparticles is deposited onto the sample75. In 
comparison with pristine organic samples, positive secondary ion yield 
enhancements of more than two orders of magnitude have been observed for 
(quasi-) molecular and fingerprint fragment ions72. Furthermore, the metallic 
coating reduces charging effects during the SIMS analysis72, which makes it 
possible to obtain molecular information even from thick polymer samples 
without using an electron flood gun that might significantly damage the 
sample76,77. MetA-SIMS can also be used to improve the sensitivity in molecular 
imaging of organic surfaces72.  
A comparison of the efficiency of different metals for MetA-SIMS is not 
straightforward since the magnitude of yield enhancement depends on the 
sample72,74,78, on the considered secondary ion73, on the primary ion65,79-82, and 
on the layer thickness and the surface coverage of the metallic layer on the 
organic material79,83.  
A significant added value in MetA-SIMS as compared to traditional S-
SIMS measurements of organic samples is the possibility of detecting metal-
cationized fragments (positively charged cluster ions consisting of one or more 
metal atoms and an organic fragment)78,84. The formation of such 
organometallic complexes can be explained by an interaction between the d-
orbitals of the metal atom (or ion) and the π-orbitals in the organic molecule. 
Grade and Cooks already observed the attachment of metal ions to organic 
molecules in 197885. In MetA-SIMS mass spectra, the intensities of metal-
cationized ions are often found to be higher than those of the corresponding 
organic ions74.  
 
It was shown that small amounts of noble metals deposited onto organic 
substrates form nano-islands on the surface81,83 because the binding forces 
among the metal atoms are stronger than those between a metal atom and 
the organic material86. There seems to be either a diffusion of metal particles 
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into the bulk or a migration of small organic molecules over the metal 
clusters71. The high stopping power of the metal islands and the resulting 
increase in near-surface energy deposition by the primary ion enhance the 
efficiency of molecular ejection. It has been shown in recent molecular 
dynamics (MD) simulations that the projectile’s efficiency in desorbing a large 
quantity of organic matter strongly depends on the position of its impact point 
with respect to the metal islands87,88. Therefore the interfacial area is believed 
to be a crucial parameter in MetA-SIMS experiments89. In this context it is 
important to mention that very different trends for yield enhancement have 
been observed with mono- and polyatomic projectiles (see next section). In 
addition to changes in sputtering mechanisms before and after metal 
deposition, the ionization efficiencies are also affected, probably by changes in 
work functions and because the metal plays the role of an external ionizing 
agent71.  
 
II.6 Effect of the primary ion type on 
organic secondary ion emission 
During the last decade, cluster polyatomic primary ions such as C60
+, 
Bi3
+, Aun
+ or more recently Arn
+, have caused an increasing interest in the 
organic SIMS community. The use of cluster projectiles for a wide range of 
static and dynamic SIMS applications is mainly due to higher sputter yields 
compared to monatomic beams and a decreased tendency to create chemical 
damage in organic samples. Molecular depth profiling has become possible for 
many polymers and organic materials.  
The increase in sputter yield with clusters is non-linear, i.e. the yield per 
atom is higher for cluster primary ions than for monoatomic projectiles90-93. This 
may be explained by the near-surface energy dissipation in the solid. When a 
cluster projectile hits the sample surface, it breaks up into its constituting 
atoms, each of them keeping a fraction of the initial energy. A C60
+ ion 
accelerated to 15 keV is thus equivalent to 60 carbon atoms with 250 eV per 
atom. Compared to the impact of a monoatomic ion with 15 keV impact 
energy, more collision cascades are generated and they extend less deep into 
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the substrate, creating a high energy density region (collisional spike regime) in 
the near-surface region surrounding the impact point36,94.  
In the case of an atomic projectile, a significant fraction of the energy is 
wasted because it cannot contribute to the sputtering of sample material, but 
it rather damages the chemical structure in the sub-surface region. Delcorte 
simulated collision cascades caused by Ar+ and C60
+ impacts with 45° incident 
angle in a PS tetramer solid36. In the case of 10 keV C60
+ bombardment the 
collision tree is very dense and located in the near-surface region, while for Ar+ 
much less recoil atoms are generated and only few of them reach the sample-
vacuum interface.  
The increase in secondary ion yields from thick organic samples when 
clusters such as Bi3
+, SF5
+ or C60
+ are used instead of atomic primary ions can 
reach 3 orders of magnitude95-97. The use of massive Au or Ar clusters seems 
very promising. A single impact of a Au400
4+ cluster was found to generate in 
average 12.5 secondary ions from a glycine target via a multi-ion emission 
process, and the damage cross-section was reported to be very low for these 
projectiles98. Very high secondary yields and virtually no fragmentation were 
also observed for massive Ar cluster bombardment of organic samples99-102. 
The angular distribution of sputtered matter under massive Ar cluster 
bombardment at normal incidence does not follow the cosine-like distribution 
observed for monoatomic Ar projectiles, but lateral sputtering is preferred, 
which leads to pronounced smoothing of the bombarded surface103.   
The situation is different if the organic material is applied as a thin 
overlayer on a metallic substrate, or if the organic material is covered with 
small amounts of a noble metal (MetA-SIMS). Czerwinsky104 and Postawa105 
found that a C60 projectile hitting an organic overlayer on an Ag substrate 
generates a collective large-scale process involving several carbon atoms of the 
projectile and creating a shockwave in the substrate. Intact molecules are then 
ejected by a “catapulting mechanism”, but the enhancement of molecular 
ejection compared to a Ga impact is much weaker than for bulk organic 
samples. Fig. II-9 shows a cross-sectional view of a collision event of a 15 keV 
Ga versus a 15 keV C60 projectile on an Ag substrate covered with a three 
layer benzene system105.  
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Fig. II-9: Cross-sectional view of the time evolution of a collision event of a 15 
keV Ga and a 15 keV C60 projectile (in yellow) on an Ag substrate (in blue) covered with 
a three layer benzene system (in red). Figure from 105. 
 
MD simulations by Ward106 show that the area over which the energy is 
distributed for a monolayer of biphenyl molecules on Cu and Si substrates 
increases when going from a Xe+ projectile to SF5
+, but the relative increase of 
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the energy density area is more pronounced for the Si substrate. The reason is 
that the cluster projectile breaks up inside the Si surface but on top of the Cu 
substrate due to the higher mass of Cu atoms. 
 
Several authors have reported experimental observations in agreement 
with these simulations. Kudo107 and Heile65 analyzed thin polymer layers 
deposited on silicon and metal substrates with different mono- and polyatomic 
primary ions and observed that the cluster projectiles only cause a yield 
enhancement in the case of Si substrates. Delcorte108 found that the deposition 
of 2 nm of Au onto an Irganox1010 film enhances the yield of the molecular 
ion by a factor 678 compared to the pristine sample when Ga+ projectiles are 
used. In the case of C60
+ bombardment, the molecular ion yield slightly 
decreased. Delcorte79 and Heile80,81 analyzed organic samples covered with 
various amounts of Au and both observed that the secondary ion yield under 
polyatomic ion bombardment decreased with increasing gold deposition while 
the opposite behavior was observed for monoatomic projectiles. Heile 
concluded that the combination of different yield enhancing methods is not 
necessarily successful if they are based on the same mechanism, i.e. an 
increased near-surface energy deposition.  
Recent MD simulations by Restrepo87,88 show that the molecular ion yield 
of a polyethylene (PE) surface covered with Au cluster islands depends on the 
impact point of the projectile (in the middle of the cluster, on its periphery, near 
the Au-PE interface, or on the pristine PE). The yield enhancement tendencies 
are very different for C60
+ and Ga+ primary ions. A Ga+ impact on an Au cluster 
generates Au recoil atoms that cause the ejection of many organic fragments, 
while a C60
+ projectile breaks the Au cluster apart and mainly causes the 
ejection of Au atoms. 
In several studies a decrease in fragmentation of the organic molecules 
has been observed for cluster beams. For example, Weibel showed that the 
yield enhancement for several organic samples when moving from 12.5 keV 
Ga+ to C60
+ projectiles of the same impact energy was more pronounced for 
ions in the high mass range than for the smaller fragments97. This tendency 
was also observed by other authors96,109. However, higher fragmentation has 
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also been reported for polyatomic ions110-112, and MD simulations have shown 
that C60
+ bombardment of benzene breaks numerous C-C and C-H bonds in the 
near surface region, most of which are directly ejected79. It seems that the 
fragmentation behavior with cluster primary ions is strongly sample 
dependent113.  
It was also observed that cluster beams create much less chemical 
damage than monoatomic projectiles114, even after high fluences. The 
development of cluster ion sources has thus opened the door to the field of 
organic depth profiling. A basic requirement for successful molecular depth 
profiling is that the damaged sample volume is removed fast enough so that 
the damage will not accumulate and cause a loss of molecular signal even after 
fluences far above the static limit. Since cluster projectiles generate higher 
sputter rates and less chemical damage than monoatomic beams, this 
condition is often fulfilled, but it is strongly dependent on the sample. Organic 
materials can be divided into two categories according to their behavior under 
ion beam irradiation113: 
 Type I or cross-linking type: these molecules tend to undergo 
cross-linking. Examples of this category are PS, PVC and Alq3
115. 
 Type II or degrading type: chain scissions are predominant. 
PMMA is a typical example.  
The transition between the two types is rather smooth because there is 
always a competition between chain scission and cross-linking, and the 
predominant mechanism may change as a function of fluence. Furthermore the 
irradiation behavior can be influenced by different experimental parameters 
such as temperature, the molecular weight of a polymer sample, or by the 
presence of O2
113. 
One of the first depth profiles of a polymer sample was presented by 
Gillen et al. in 199894. They used SF5
+ primary ions for depth profiles of a 50 
nm PMMA layer on Si. The characteristic fragment ion at m/z=69 could be 
detected until the Si interface was reached, which was not possible with Ar+ 
ions. Since then, a wide range of organic materials has been successfully depth 
profiled.  
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Depth profiling with retention of molecular signal is generally possible for 
type II polymers, but it can also be successful for cross-linking polymers if the 
experimental conditions are chosen carefully (i.e. the nature primary ion, the 
beam angle and energy, and the sample temperature)113. PS, a type I polymer, 
has been depth-profiled with massive Ar clusters116. An alternative to cluster 
beams is the use of low energy reactive primary ions, typically Cs+. Cs is 
supposed to deactivate free radicals, thus preventing the accumulation of 
chemical damage by cross-linking as the fluence increases117. 
 
II.7 Conclusions 
SIMS is a very sensitive analysis technique that can be applied to a large 
variety of samples for surface analysis, depth profiling, imaging, or 3D-
reconstruction of a small sample volume. In the particular case of organic 
samples, where the retention of molecular information is necessary for an 
unambiguous identification of the sample material(s), the use of TOF-SIMS 
instrumentation and static bombardment conditions are common practice. 
However the interpretation of mass spectra is not straightforward since matrix 
effects and fragmentation mechanisms need to be taken into account. 
Over the last decades, several approaches such as MetA-SIMS or the 
use of polyatomic primary ions have been studied with regard to their potential 
of maximizing the secondary ion intensities in TOF-SIMS analyses of organic 
samples, especially for parent-like ions that reflect the analyte’s molecular 
structure. However, the complex interplay of sputtering, fragmentation and 
ionization mechanisms is still not completely understood. The quest for a 
deeper insight into these phenomena is carried on by a large variety of 
experimental, numerical, and combined studies. 
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Chapter III. Sample preparation and 
characterization 
III.1 Silicon wafers 
Silicon wafers of (111) orientation from Siltronix were used as 
substrates for the metallic and organic layers prepared in this work. In order to 
remove surface contaminations before coating, the wafers were immerged 
during 15 minutes subsequently in demineralized water, acetone and ethanol in 
an ultrasonic bath. TOF-SIMS analyses show that especially organic 
contaminants are partially removed by this cleaning protocol (Fig. III-1). The Na+ 
peak (m/z=23) however is higher after cleaning. The native oxide layer was not 
removed by this procedure. 
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Fig. III-1: Positive mass spectra (Ar+, 10 keV) of a silicon wafer before and after 
cleaning. 
 
III.2 Polymer samples  
The polymers used for this work were polystyrene (PS), poly(methyl 
methacrylate) (PMMA), and polyvinyl chloride (PVC). They were purchased as 
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powders from Sigma Aldrich. The molecular structure of the repeat units as 
well as the average molecular weights of the used polymers are given in Fig. 
III-2. 
 
Fig. III-2: Repeat units and average molecular weights of the polymers used in 
this work. For PVC, no information about molecular weight was provided. 
 
Thin polymer films were obtained by spin-coating. This technique 
consists in depositing a small volume of a solution of a polymer in a volatile 
organic solvent onto a solid substrate, which is then spun at high speed during 
typically one minute. Under the influence of the centrifugal force, the major 
proportion of the solvent is immediately evacuated over the substrate’s 
borders. This results in an increasing viscosity of the solution on the substrate. 
After evaporation of the remaining solvent, a thin polymer film is formed. Spin-
coating is known for producing very flat and homogenous films on condition that 
the solvent is well-chosen118-120. The obtained film thickness for a given polymer 
increases with the concentration of the solution and is inversely proportional to 
the square root of the rotation speed121. 
For this work a Single Wafer Spinner SPIN150 (APT) was used. The 
wafers were spun with an acceleration of 10 000 rpm/s and a rotation speed 
of 3 000 rpm during one minute. Toluene (Sigma Aldrich) was used as a 
solvent for PS and PMMA, and PVC was dissolved in tetrahydrofuran (Sigma 
Aldrich). The concentrations were 2 wt% for PMMA and PS and 1.5 wt% for 
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PVC. Under these experimental conditions, the films are estimated to be 
between 40 and 80 nm thick89,120. This thickness is large enough to eliminate 
substrate effects89, but still small enough to avoid charging effects during ion 
bombardment. Indeed, all the analyses presented in this work could be carried 
out without charge compensation. 
 
III.3 Alq3 samples 
Aluminium tris(8-hydroxyquinoline) (Alq3) is a commonly used material in 
the emerging domain of organic optoelectronic devices. Its molecular structure 
is presented in Fig. III-3. Alq3 samples were prepared by K.Q. Ngo at the 
Department of Materials Science and Engineering of the University of Michigan. 
Thin layers of 50 nm were deposited onto cleaned silicon wafers at room 
temperature using vacuum thermal evaporation of Alq3 powder at 10
•6 mbar. 
The deposition rates were measured with a precalibrated quartz crystal 
monitor and varied between 1.2 and 1.7 Å/s. 
 
Fig. III-3: Molecular structure of Alq3. 
  
III.4 Metallic collectors  
Metallic layers of Ag, Au or Cu were deposited onto Si wafers by EBE-
PVD (Electron Beam Evaporation – Physical Vapour Deposition) in the collector 
coating chamber of the Storing Matter instrument. A detailed description of 
the installation has been given in Chapter I. Metal pellets of 99.99% purity 
(Kurt J. Lesker Company Ltd) were evaporated and deposited onto silicon 
wafers at a rate of 0.1 nm/s. A nominal layer thickness of 30 nm was chosen 
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for the preparation of the noble metal collectors. For this thickness the static 
SIMS collision cascade should be confined to the metallic layer and not 
penetrate into the Si substrate. This was confirmed by SRIM (Stopping and 
Range of Ions in Matter) calculations122: the mean longitudinal range of 10 keV 
Ar+ ions with 45° impact angle averaged for 100 000 trajectories in Au (5.8 
nm), Ag (6.1 nm), or Cu (5.0 nm) surfaces was significantly inferior to 30 nm. 
The growth mode of noble metals on Si substrates follows the Volmer-
Weber model123-125. Since the cohesive interactions among metal particles are 
stronger than the adhesion forces between a silicon atom and a metal atom, 
3-dimensional islands of metal clusters are formed during the first steps of the 
deposition process in order to minimize the surface free energy123. As the 
metal accumulates, the islands grow and finally coalesce into a continuous film. 
Several authors have shown that small amounts of noble metals evaporated 
onto Si form 3-dimensional island-like structures at nanometer-level73,79,126.  
AFM (Atomic Force Microscopy) measurements showed that the 
metallic collector surfaces are very flat. An AFM image of an Au collector is 
shown in Fig. III-4. The high peaks in the image probably correspond to dust 
particles on the surface. The RMS (root-mean-squared) roughness calculated 
for a sub-area of 63 µm2 of this surface was 1.2 nm. 
 
Fig. III-4: AFM image of an Au collector. The high peaks are probably due to 
dust particles. 
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Positive TOF-SIMS mass spectra of the metallic collectors (Fig. III-5) 
showed that the Si substrate was entirely covered by the noble metal since no 
significant Si+ signal (m/z=28) was detected. In the case of Au, the positive 
peaks in the low mass range corresponding to hydrocarbons and nitrogen-
containing fragments are extremely high compared to those on the Ag and Cu 
substrates although the 3 samples were prepared and analyzed under exactly 
the same conditions. This observation suggests that the Au surface is highly 
contaminated, which would be surprising because the metallic films were all 
obtained from very pure metal pellets and transferred to the TOF-SIMS 
instrument without breaking the UHV conditions.  
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Fig. III-5: Positive mass spectra (Ar+, 10 keV) of Au, Ag and Cu films prepared 
in the collector coating chamber.  
 
Negative mass spectra of the 3 collectors show an opposite trend (Fig. 
III-6): here the Au spectrum looks “cleaner”, F- (m/z=19) and CN- (m/z=26) 
being the only significant peaks along with Au-. The O- peak is very weak. The 
negative spectra of Cu and Ag are however dominated by O- (m/z=16), CN- and 
Cl- (m/z=35 and 37). Especially on the Ag substrate a series of nitrogen-
containing hydrocarbon peaks is present.  
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Fig. III-6: Negative mass spectra (Ar+, 10 keV) of Au, Ag and Cu films prepared 
in the collector coating chamber.  
 
Since these metal surfaces are destined to serve as collectors for 
Storing Matter deposits of organic samples, it is important that the pristine 
collectors should be as clean as possible. It will be shown in chapter IV that the 
intense organic peaks in the positive mass spectrum of Au represents a 
disturbing background signal when a Storing Matter deposit of an organic 
polymer has to be identified on an Au collector. In order to determine the exact 
origin and to reduce the amount of organic contaminants, several approaches 
were adopted: 
 The collector coating chamber was baked at 100 °C during 12 
hours in order to reduce the amount of residual gases.  
 The chamber walls were cooled with liquid nitrogen during metal 
evaporation. This resulted in a basic pressure in the chamber of 
5 . 10-11 mbar instead of 10-9 mbar. 
 High purity Au pellets from other suppliers (American Elements, 
Goodfellow) were tested. 
Chapter III: Sample preparation and characterization 
59  
 Inside the electron beam evaporator, the Au pellets were placed 
in a molybdenum crucible liner instead of the initially used 
amorphous carbon liner. 
All these approaches did not lead to any significant changes in the 
positive or negative mass spectra of the 3 metal coatings. Mass spectra taken 
directly on a gold pellet are virtually identical with those of the Au collectors. It 
seems thus that the organic species are naturally present on the metal 
surfaces and that their presence on the collector surfaces cannot be avoided 
by the available means.  
TOF-SIMS depth profiles (dual beam depth profiling with C60
+ sputtering 
and Bi+ analysis gun) of an Au and an Ag collector showed that the organic 
contaminants are only present on the top layer(s) of both metallic samples and 
on the interface between the metal and the Si substrate. The depth profile of 
the Au collector is displayed in Fig. III-7. For Ag the intensity evolutions were 
qualitatively very similar, but the initial intensity of the hydrocarbon 
contaminants was much lower than on Au.  
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Fig. III-7: TOF-SIMS depth profile of an Au collector (positive mode). 
 
For both samples, the kinetics of hydrocarbon adsorption were 
qualitatively studied. A large crater of 600 . 600 µm2 was sputtered until 
approximately the middle of the metallic layer was reached. Immediately a first 
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mass spectrum with Bi+ primary ions, a raster size of 50 . 50 µm2 and 100 s 
acquisition time was recorded inside this crater. After 2 and 20 minutes, two 
more such mass spectra were taken, each at a different spot inside the 
sputter crater. The absolute intensities of the hydrocarbon contaminants as a 
function of time (t=0 corresponds to the moment when the C60
+ sputtering was 
stopped) are compared in Fig. III-8. 
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Fig. III-8: Positive mass spectra recorded on Ag and Au at different moments 
after sputtering with C60
+. Note the different intensity scales for Ag and Au. 
 
Even immediately after sputtering, the hydrocarbon peak intensities on 
the Au collector are almost 10 times higher than on Ag. As a function of time, 
the hydrocarbon peaks on both materials increase, and after 20 minutes there 
is still a factor 10 between the intensities measured on Ag and Au. This 
intensity ratio was also determined from the spectra taken on the surfaces of 
the metal collectors (Fig. III-5). Since this intensity ratio stays constant with 
time, it can be considered that both metals have a similar affinity towards the 
hydrocarbon contaminants present in the residual gas inside the analysis 
chamber, but that Au enhances their positive intensities more than Ag.  
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In order to obtain quantitative information about the surface 
contaminants, an Au and an Ag collector were analyzed by XPS (X-ray 
Photoelectron Spectroscopy)127,128. XPS is a quantitative and surface sensitive 
technique, but with a poor detection limit (0.1 – 1 at%) compared to SIMS. The 
principle of XPS is based on the photoelectric effect: the sample is irradiated by 
X-rays and the emitted photoelectrons are energy-analyzed. The obtained 
kinetic energy (KE) spectrum gives information about the binding energy (BE) of 
the detected core electrons according to Equation III-1. hν represents the 
energy of the photon and Φ is the work function of the spectrometer. The 
binding energy of a photoelectron allows to deduce the element (from Li to U) 
from which it was emitted as well as the chemical state of this element.  
)( φυ +−= BEhKE          (Equation III-2) 
After correction by a sensitivity factor, the XPS peak intensities are 
directly related to the relative concentration of each element inside the 
analyzed sample volume. The penetration depth of the X-rays is in the 
micrometer range127, but only photoelectrons emitted from the top 10 
nanometres can be detected. In a first approximation, the value of the sampling 
depth depends on the density of the analyzed material and on the kinetic energy 
of the considered photoelectron. It is defined as the depth up to which 95% of 
the detected photoelectrons are emitted and is equal to 3 times the inelastic 
mean free path of the electron in the solid. For example, the inelastic mean 
free path of the C 1s electron is 1.691 nm in Ag and 1.408 nm in Au 
according to the TPP-2M formula129, which corresponds to sampling depths of 
5.1 nm in Ag and 4.2 nm in Au for this photoelectron.  
The metallic collectors were transferred with the UHV suitcase to the 
ThermoVG Microlab 350 instrument and analyzed with an AlKα X-ray source 
with a photon energy of 1486.6 eV. For each metal, an analysis point on the 
surface and one after sputtering with an Ar+ beam (3 keV impact energy, 2 µA 
current, 45° incident angle, 10.10 mm2 rastered area) during 400 s were 
chosen. The only detectable elements were Au and Ag respectively, and oxygen 
and carbon. The considered photoelectrons were Ag 3d5/2 (369 eV), Au 4f (88 
eV), O 1s (531 eV) and C 1s (284.5 eV). The calculated relative 
concentrations on the surface and after sputtering are given in Table III-1. 
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Au sample Ag sample   
 O C Au O C Ag 
surface <1% 1.2 98.8 4.1 3.9 92.0 
after sputtering <1% <1% 99.7 2.9 <1% 96.7 
Table III-1: Relative atomic concentrations of oxygen, carbon, and gold or silver 
obtained by XPS measurements for an Au and an Ag collector.  
These values indicate that the surface of the Au collector is much less 
contaminated than the Ag sample. Furthermore, the organic contaminants 
seem to have accumulated on the surface only after preparation of the metallic 
layers since the atomic concentration of C significantly decreases after only 
400 s of sputtering.   
It can be concluded from these XPS measurements that the striking 
differences observed in the SIMS spectra of the 3 noble metals are due to 
matrix effects and do not reflect the real degree of contamination of these 
surfaces. Changes in the surface work function are frequently made 
responsible for matrix effects in SIMS9,130. Indeed Au has a higher work function 
(5.10 eV) than Ag (4.26 eV)131, which is probably part of the reason why the 
organic contaminants are more easily cationized on Au than on Ag and Cu.  
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Chapter IV. Study of the key 
parameters of the Storing Matter 
technique in the case of organic 
samples 
IV.1 Introduction 
This chapter deals with the fundamental aspects of the sputter-
deposition of organic samples and the TOF-SIMS analysis of these deposits. The 
key parameters of the Storing Matter technique are studied in detail for the 
particular case of organic samples. The knowledge about the impact of these 
parameters on the final mass spectra is a prerequisite for a reasonable choice 
of experimental conditions for a given organic sample with regard to an efficient 
detection of the Storing Matter deposit and reduced fragmentation of the 
organic molecules.  
During sputter-deposition, atoms and organic fragments of different 
sizes are emitted with a certain angular distribution that depends on the 
bombardment conditions, on the sample and on the desorbed particle. The 
Storing Matter deposits are thus non-uniformly spread over a certain area of 
the collector. In order to illustrate the distribution of an Alq3 deposit on an Ag 
collector, several TOF-SIMS analysis points were chosen along a diameter of 
the collector (Fig. IV-1). As an example, Fig. IV-2 shows the evolution of the 
absolute intensity of a characteristic Alq3 fragment (Alq2
+, m/z=315) as a 
function of the position on the collector. A clear maximum can be identified at a 
distance of around 1 mm from the border of the collector. This analysis point 
also corresponds to the position where other characteristic fragments of Alq3 
are detected with maximum intensity. This indicates that the angular 
distributions of these fragments (or their precursors) during the sputter-
deposition step are similar.  
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It should be mentioned that it would be possible to obtain Storing Matter 
deposits further away from the collector border by moving the collector closer 
to the nose of the ion gun, but this is only possible if the collector is placed 
several mm higher above the sample surface than in the usual configuration 
 
Fig. IV-1: TOF-SIMS analysis points along a diameter of the collector. The raster 
size was 100.100 µm2 and the distance between 2 points was 0.5 - 2 mm. The 
collector diameter was 1” (2.54 cm). 
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Fig. IV-2: Absolute intensity of the Alq2
+ peak as a function of the position on the 
collector. 
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shown in Fig. I-4. In that case the deposit would be significantly more diluted 
(because of the solid angle of the emitted matter) and thus more difficult to 
detect. For all the Storing Matter deposits presented in this work, the collector 
was placed in approximately the same horizontal plane as the nose of the ion 
gun (5 mm above the sample surface) and as close as possible to the latter 
(Fig. I-4). 
IV.2 Experimental conditions 
The sputter-deposition conditions in the Storing Matter instrument were 
chosen as follows (unless mentioned otherwise):  
 Ar+ bombardment, 10 keV impact energy, 45° incident angle 
 1.8 nA primary ion current 
 1.5 . 1.5 mm2 raster size. 
In order to accumulate a sufficient amount of organic matter on the 
collector while still keeping the primary ion fluence below the static limit, the 
sample stage was moved during the sputter-depositions as described in Fig. 
I-5. The speed of this translation was 0.15 mm/s unless mentioned otherwise. 
Considering that the raster size was 1.5 . 1.5 mm2, each point was irradiated 
during 10 s, which corresponds to a fluence of 5 . 1012 ions/cm2. The total 
length scanned in this manner was 16 cm for each deposit (8 parallel lines of 
2 cm length each), which is equivalent to an irradiated area of 2.4 cm2 and a 
total of 1.2 . 1013 primary ions. The typical sample size used for these 
experimental conditions was 3 . 3 cm2.  
 
For the analysis of all the Storing Matter spectra discussed in this work, 
TOF-SIMS linescans were carried out as described above. The spectrum 
acquired on the point corresponding to the maximal intensity of characteristic 
fragments will be designated as the “Storing Matter spectrum”. The presented 
mass spectra were, unless mentioned otherwise, analyzed in the TOFIII (Ion-
TOF) instrument with the following conditions: 
 Ar+ primary ions, 10 keV impact energy, 45° incident angle  
 0.5 pA pulsed current 
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 100 . 100 µm2 raster size  
 3 minutes acquisition time for each spectrum. 
The resulting primary ion dose was 5.6 . 1012 ions/cm2.  
 
 
IV.3 Identification of Storing Matter 
deposits on Ag collectors  
In the next pages, positive Storing Matter spectra of the 4 studied 
organic samples on Ag collectors will be presented and discussed. The organic 
samples and the collectors were prepared as described in Chapter III (pages 
54-55).  
 
IV.3. (a)  PVC sample 
IV.3. (a) i)  Positive secondary ions 
Fig. IV-3 displays positive mass spectra taken directly on the spin-coated 
PVC sample, in the centre of the Storing Matter deposit of PVC on an Ag 
collector, and on the pristine Ag collector. The positive PVC reference 
spectrum is dominated by peaks in the low-mass region corresponding to 
saturated hydrocarbon fragments of the type CnH2n-1
+ and CnH2n+1
+. These 
fragments mirror the structure of the polymer’s backbone. Several chlorine 
containing hydrocarbons, which are more specific for PVC since they also 
contain information about the functional group, are also detected, e.g. C2H2Cl
+ 
(m/z=61) or C3H4Cl
+ (m/z=75).  
Apart from the Ag+ and Agn
+ peaks, the signal on the pristine Ag 
collector is low, as already discussed in Chapter III. The positive Storing Matter 
spectrum of PVC on an Ag collector shows a similar distribution for the low 
mass hydrocarbon peaks as the reference spectrum. The absolute intensities 
are around 3 times lower than those measured directly on the PVC sample. 
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This is not surprising because the Storing Matter deposit consists of only a 
sub-monolayer of PVC fragments.  
As a comparison, the positive mass spectra of a very thin PVC layer 
spin-coated onto an Ag substrate and of the PVC sample covered with 2nm Ag 
(MetA-SIMS) are shown in Fig. IV-4. These spectra were acquired on the same 
day and under the same experimental conditions as the spectra in Fig. IV-3, 
thus the absolute intensities can be directly compared. The highest 
hydrocarbon peak intensities in the low mass range are obtained for the PVC 
thin layer on an Ag substrate, followed by the PVC sample covered with 2 nm 
Ag and finally the Storing Matter spectrum. For the Storing Matter spectrum 
to compete with the other spectra in terms of absolute intensities, it would 
probably be necessary to accumulate more matter on the collector (i.e. to 
irradiate a larger sample area for sputter-deposition).  
Chlorine containing fragments are however not detected at all in the 
Storing Matter spectrum. This may be due to the double fragmentation during 
the sputter-deposition and the analysis step. The C-Cl bond constitutes the 
weak point of the chain. The bond strengths for the covalent bonds in the 
chloroethane molecule are given in Table IV-1. 
In the positive Storing Matter spectrum, the only evidence of the 
chlorine atoms of PVC is provided by the AgCl2
+ peak series around m/z=251. 
These peaks together with the series of saturated hydrocarbon fragments thus 
make it possible to associate this Storing Matter spectrum to a chlorinated 
hydrocarbon molecule, even without previous knowledge about the sample.  
The relatively high Na+ peak (m/z=23) in the Storing Matter spectrum is 
due to a Na contamination on the Ag collector. In the high mass range (m/z > 
300), the only significant peaks correspond to Agn
+ clusters and to short Ag-
cationized hydrocarbon fragments of the type (AgCnH2n)
+ with n ranging from 2 
to 8. These are also the only Ag-cationized fragments detected for the thin PVC 
layer on Ag and for the PVC sample covered with 2 nm Ag (Fig. IV-4). 
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Fig. IV-3: From top to bottom: positive mass spectrum of the PVC sample, 
positive Storing Matter spectrum of PVC on an Ag collector, and positive reference 
spectrum of the pristine Ag collector. The same primary ion fluence was used for all 
the spectra. 
 
It is interesting to note that the Ag+ and Agn
+ peaks are significantly 
higher in the centre of the Storing Matter deposit than on the pristine Ag 
collector, although the Ag surface is partly “hidden” by the presence of the 
deposit. The ratio of the intensities in the deposit compared to those on the 
pristine collector is around 4 for Ag+ and 10 for Ag3
+. This effect was also 
observed for the other polymers. There seems to be a mutual yield enhancing 
effect between the organic deposit and the Ag particles. 
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Fig. IV-4: From top to bottom: positive mass spectra of a thin PVC layer on Ag, 
of a 2 nm Ag overlayer on PVC, and the positive Storing Matter spectrum of PVC on an 
Ag collector. Note: the 107Ag+ intensities in the 3 spectra are 8.7.105, 7.3.105 and 
9.1.105 counts, respectively. 
C-C C-H C-Cl
375,4 406,6 354,1  
Table IV-1: Average bond energies (in kJ/mol) for the different covalent bonds 
in the chloroethane molecule. Values from 132. 
 
IV.3. (a) ii)  Negative secondary ions 
Negative mass spectra taken directly on the PVC sample, in the centre of the 
Storing Matter deposit of PVC on an Ag collector, and on a pristine Ag 
collector are displayed in Fig. IV-5.  
The negative Storing Matter of PVC does not differ much from the spectrum 
taken on the pristine Ag collector, except for the AgCl- and Ag2Cl
- peak series. 
No information about the hydrocarbon backbone is obtained. The negative PVC 
reference spectrum is also quite unspecific since it does not contain any 
chlorinated hydrocarbon peaks. 
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Fig. IV-5: From top to bottom: negative mass spectrum of the PVC sample, 
negative Storing Matter spectrum of PVC on an Ag collector, and negative reference 
spectrum of the pristine Ag collector. 
 
IV.3. (b)  PS samples 
IV.3. (b) i)  Positive secondary ions 
In the positive mass spectrum of the PS30000 sample (first spectrum 
in Fig. IV-6), it can be observed that the positive intensities are globally very 
weak compared to the positive PVC reference spectrum (Fig. IV-3), although 
the analysis conditions were identical. Charging effects can however be 
excluded since in negative mode the overall intensities are comparable to those 
obtained on the other studied polymer samples.  
PS has a much lower sputter rate than for example PMMA133. This 
means that for the same number of primary ions used for sputter-deposition, 
there will be significantly less material on the collector in the case of PS. This 
explains why the characteristic PS peaks in the Storing Matter spectrum (Fig. 
Chapter IV: Study of the key parameters 
71  
IV-6) are more difficult to distinguish from the collector “background signal” 
than for example the hydrocarbon peaks in the PVC deposit (Fig. IV-3).  
 
However some characteristic PS peaks are significantly more intense in 
the deposit centre than on the pristine Ag collector. Among them are C7H7
+ 
(m/z=91), C8H9
+ (m/z=105), C9H7
+ (m/z=115), C9H9
+ (m/z=117), C10H11
+ 
(m/z=131), C14H11
+ (m/z=179), and C15H11
+ (m/z=191). The exact structures 
of these ions have been described in 134.  
Furthermore, Ag-cationized fragments are detected in the Storing 
Matter spectrum: AgCnH2n
+ with n between 2 and 5, and the only characteristic 
fragment is AgC7H8
+ (m/z=199 and 201). It is important to mention that the 
spectra shown in this section were obtained from a PS of relatively high 
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Fig. IV-6: From top to bottom: positive mass spectrum of the PS30000 
sample, positive Storing Matter spectrum of PS30000 on an Ag collector, and positive 
reference spectrum of the pristine Ag collector. 
Note: for a better visibility of the low mass peaks, the Ag+ peaks are not 
displayed entirely. The 107Ag+ intensities in the 2 last spectra are 5.1.105 and 4.3.105 
counts, respectively. 
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average molecular weight (30 000 Da). It will be shown in section IV.5. (b)  that 
large characteristic fragments are detected in the Storing Matter spectrum of 
a low molecular weight PS.  
Again, the Agn
+ peaks are higher in the centre of the PS deposit than on 
the pristine collector (increase by a factor 1.2), but the difference is smaller 
than for the PVC deposit. 
For the PS deposit analyzed in positive mode, identification is possible, 
but not as straightforward as for PVC. Due to the lower sputter yield of PS, it 
might be necessary to collect matter from a larger total area during the 
sputter-deposition step in order to get higher PS-characteristic peaks in the 
Storing Matter spectrum. Another approach consists in using preparation 
methods inspired from the domain of MetA-SIMS and ME-enhanced SIMS for 
the PS sample. The results of these experiments will be presented in section 
IV.5. (b) . 
 
IV.3. (b) ii)  Negative secondary ions 
The only significant peaks in the negative reference spectrum of PS (Fig. IV-7) 
are of the type Cn
-, CnH
-, and CnH2
-, with n varying from 1 to 6. The negative 
Storing Matter spectrum (not shown) cannot be distinguished from the 
negative spectrum of the pristine Ag collector. Hence the analyses in negative 
mode do not provide any specific information about this polymer. 
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Fig. IV-7: Negative reference spectrum of a PS30000 sample. 
 
IV.3. (c)  PMMA samples 
IV.3. (c) i)  Positive secondary ions 
The low mass range of the positive PMMA20000 reference spectrum 
(first spectrum in Fig. IV-8) contains several peaks that are characteristic for 
this polymer. Among them are hydrocarbon fragments reflecting the backbone 
structure (e.g. C3H5
+ at m/z=41 or C4H7
+ at m/z=55) and more specific 
oxygenated fragments like for example C2H3O2
+ and C3H7O
+ at m/z=59, C4H5O
+ 
at m/z=69, as well as the protonated monomer unit C5H9O2
+ at m/z=101. 
Structural assignments for these characteristic peaks have been proposed by 
Leeson et al.135 
The hydrocarbon peaks can be easily recognized in the Storing Matter 
spectrum, but only few oxygen containing fragments are detected and their 
intensities are quite small. This suggests that, like for the C-Cl bonds in the 
case of PVC, the carbon-oxygen bonds tend to be destroyed by double 
fragmentation. In the higher mass range (not shown), only unspecific Ag-
cationized fragments of the type AgCnH2n
+ are detected.  
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The Ag+ intensity is more than 3 times higher in the Storing Matter 
spectrum than in the spectrum taken on the pristine Ag collector. 
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Fig. IV-8: From top to bottom: positive mass spectrum of the PMMA20000 
sample, positive Storing Matter spectrum of PMMA20000 on an Ag collector, and 
positive reference spectrum of the pristine Ag collector. Note: The 107Ag+ intensities in 
the 2 last spectra are 6.6.105 and 2.8.105 counts, respectively. 
 
IV.3. (c) ii)  Negative secondary ions 
The negative reference spectrum of PMMA20000 (Fig. IV-9) is 
dominated by the O- and CH- peaks, but many characteristic fragments are 
detected. The most intense peaks correspond to CH3O
- (m/z=31), C2HO
- 
(m/z=41), C3H3O
- (m/z=55), C4H5O2
- (m/z=85), C8H13O2
- (m/z=141), and 
C9H13O4
- (m/z=185). Structural assignments for these characteristic peaks 
have been proposed by Leeson et al.135 In the negative Storing Matter 
spectrum however, the intensities of these peaks are hardly higher than the 
“background signal” from the pristine Ag collector. 
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For the 3 studied polymers, negative Storing Matter spectra did not 
provide any valuable information. This is not very surprising since the choice of 
the Ag collector was made with regard to a yield enhancement in positive 
analysis mode. In section IV.5. (a)  the particular importance of the collector 
surface will be studied in detail. 
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Fig. IV-9: From top to bottom: negative mass spectrum of the PMMA20000 
sample, negative Storing Matter spectrum of PMMA20000 on an Ag collector, and 
negative reference spectrum of the pristine Ag collector. 
 
IV.3. (d)  Alq
3
 sample 
The characteristic peaks of Alq3 in positive analysis mode
115 are Al+ 
(m/z=27), (Alq)+ (m/z=171), AlqH+ (m/z=172), AlqOH+ (m/z=188), Alq2
+ 
(m/z=315), and Al2q3O
+ (m/z=502) (Fig. IV-10). In the Storing Matter 
spectrum, all these peaks are detected, and their intensity ratios are very 
similar to those in the reference spectrum (Fig. IV-11). Contrarily to PVC and 
PMMA, Alq3 does not seem to undergo significant double fragmentation. No 
Ag-cationized fragments were detected in the Storing Matter spectrum. 
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Fig. IV-10: From top to bottom: positive mass spectrum of the Alq3 sample and 
positive Storing Matter spectrum of Alq3 on an Ag collector. 
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Fig. IV-11: Absolute intensity ratios of characteristic peaks in the Storing 
Matter spectrum of Alq3 on an Ag collector and in the Alq3 reference spectrum. 
 
Chapter IV: Study of the key parameters 
77  
IV.3. (e)  Conclusions 
In this section, TOF-SIMS reference spectra as well as Storing Matter 
mass spectra on Ag collectors were presented for PS, PMMA, PVC and Alq3 
samples. The characteristic peaks of each sample were pointed out, and it was 
shown that it is possible to identify the 4 organic samples studied in this work 
by their Storing Matter deposits.  
A surprising observation was that the Ag+ peak is higher in the centre of 
a Storing Matter deposit than on the pristine Ag collector. This will be 
discussed more in detail in section IV.5. (c) . 
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IV.4 Biasing of the sample-holder during 
sputter-deposition 
During the sputter-depositions described above, the polymer sample and 
the Ag collector were both grounded. In order to get information about the 
fragmentation and ionization mechanisms involved in the Storing Matter 
technique, Storing Matter deposits of PVC with different sample potentials (0 
V, -100 V and +100 V) were compared. The Ag collectors were always 
grounded.  
When the PVC sample is biased at –100 V, the potential difference 
between sample and collector prevents cations from being deposited onto the 
collector. In this case, only neutral and negatively charged particles can be 
deposited. When the sample voltage is +100 V, only neutrals and anions will be 
collected. In the usual experimental setup of the sputter-deposition step 
(collector and sample grounded) the velocities of all the emitted particles 
(charged and neutral) correspond to their kinetic energy distribution (KED) upon 
sputtering. The KEDs of fragments and fingerprint ions sputtered from a 
polymer sample cover a few eV136,137. It is possible that some fragments have a 
kinetic energy that is slightly above the threshold energy for sputtering138. Re-
sputtering on the collector of already deposited matter by incoming particles 
may be possible, but it should not be significant because the sputtering yields 
for such low impact energies would be very low. A potential difference of ±100 
V between collector and sample does not affect the velocities of the sputtered 
neutrals, but the kinetic energies of the positive or negative ions are increased 
by 100 eV. The resulting impact energy is certainly high enough to cause some 
re-sputtering on the collector. But since only less than 1% of the particles 
impacting on the collector are charged, and because the sputtering yield 
should be very low, re-sputtering should also be negligible in this case. 
The 3 Storing Matter deposits of PVC were analyzed in positive and 
negative mode, and no significant changes in the mass spectra for each 
polarity were observed for the different sample potentials applied during 
sputter-deposition. This means that a Storing Matter spectrum mainly consists 
of fragments that (or whose precursors) were previously deposited as neutrals 
onto the collector. Consequently the peak distribution in a Storing Matter 
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spectrum is not necessarily identical with that measured in a direct TOF-SIMS 
spectrum of the sample.  
Moreover the similarity of the Storing Matter spectra obtained for 
deposits prepared with different bias voltages confirms that re-sputtering on 
the collector can be neglected. 
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IV.5 Study of the key parameters of the 
Storing Matter technique for organic 
samples 
IV.5. (a)  The collector surface 
The collector surface is one of the most important parameters of the 
Storing Matter technique. During the analysis step, it constitutes the common 
matrix for all the deposited particles. The collector surface should thus be well 
chosen as a function of the organic sample and the desired analytical 
information. 
For inorganic samples, a detailed study about the influence of the 
collector’s work function on the useful yields of Au-, Ge-, and In+ has been 
carried out at SAM during the last years139,140. For organic samples, noble 
metal collectors should be an appropriate choice since they are successfully 
used in the MetA-SIMS and ME-SIMS domains to enhance positive secondary 
ion yields (section II.5). In this section, Storing Matter deposits on Au, Ag, Cu, 
Si and Cs collectors will be presented.  
Assessing the performance of a collector material for an organic 
material is not straightforward, since many peaks that are characteristic for 
the studied samples are also present in the mass spectra of the pristine 
collector, especially hydrocarbon fragments in the low mass range. The 
“visibility” of a given fragment ion on a collector can be evaluated by calculating 
the ratio of its intensity measured in the centre of the deposit and on the 
pristine collector. This ratio will be referred to as “Storing Matter sensitivity” 
and denoted S
Stomat
 (of course this is not equivalent to the definition of sensitivity 
in a traditional SIMS analysis): 
collector) I(pristine
centre) I(deposit
StomatS =  (Equation IV-1) 
It is important to stress out that SStomat is not a fixed characteristic value 
for a given secondary ion/sample/collector combination, but that it depends 
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on both the sputter-deposition (e.g. amount of deposited matter) and analysis 
conditions (e.g. primary ion dose). 
For a given polymer, the more easily its characteristic peaks can be 
distinguished from a collector’s background signal, the better this collector 
material is suited for the analysis of this particular Storing Matter deposit in 
the chosen secondary ion polarity. The use of S
Stomat
 also has the advantage of 
accounting for changes in absolute intensity due to instrumental variations 
when deposits analyzed on different days (and even in different instruments) 
need to be compared.  
If S
Stomat
 of a given secondary ion is very different for the same Storing 
Matter deposit on different collectors, 3 possible reasons can be considered:  
 the sticking coefficient of the emitted particles is different for 
both materials and the amount of deposited matter is significantly 
different,  
 the detection efficiency (resulting from the combination of 
sputtering, fragmentation, and ionization) of the considered ion 
during the analysis of the deposit is enhanced by one of the 
collector materials compared to the other one,  
 or the intensity of this ion on the pristine collectors is different.  
The last point is related to the main drawback associated with the above 
definition of SStomat: indeed this value is affected by variations of the absolute 
intensity of the considered ion measured on the pristine collector, especially if 
this intensity is low. In order to minimize this issue, the collectors used for a 
given experimental series (i. e. when a direct comparison of SStomat for different 
deposits was required) were prepared within a few hours and analyzed on the 
same day (usually the day after their preparation). 
For most deposits, the mass spectrum corresponding to the “pristine 
collector” was actually taken on the collector with the Storing Matter deposit, 
but at the side opposed to the deposit. It cannot be excluded that in some 
cases this spectrum contains some fragments resulting from the deposit (due 
to diffusion processes for example). 
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IV.5. (a) i)  Sample preparation and experimental 
conditions 
Ag, Au and Cu collectors were prepared by electron beam evaporation 
as described on page 55.  
Cs coated collectors were prepared by deposition onto cleaned silicon 
wafers in the neutral Cs evaporation chamber developed at SAM27. Since the 
sticking factor of Cs on Cs is very low, the coverage is in the (sub-) monolayer 
range141-146. It should also be considered that the Cs covered surface has a high 
affinity towards oxygen from the residual gas (“getter effect”). Therefore the Cs 
coated collectors were transferred towards the Storing Matter instrument 
under UHV conditions. 
Alq3 samples were obtained by vacuum thermal evaporation (page 55), 
and polymer layers were spin-coated onto silicon substrates (page 54). 
The experimental conditions for sputter-deposition and analysis of the 
deposits described in this section are indicated on pages 65 and 65. 
IV.5. (a) ii)  Ag vs. Si collector for Alq
3
 deposits 
In order to investigate the interest of using noble metal collectors for 
organic samples, Ag and Si collectors were compared in the case of an Alq3 
deposit.  
The positive Storing Matter spectra of Alq3 deposits on an Ag and a Si 
collector are compared in Fig. IV-12. The absolute intensities of all the 
characteristic Alq3 peaks are higher on the Ag collector than on Si. The Alq2
+ 
fragment, which provides the most valuable molecular information about the 
molecular structure, is extremely well visible in the Storing Matter spectrum on 
Ag. The Storing Matter sensitivities of the characteristic Alq3 peaks are 
represented in Fig. IV-13. For the considered positive secondary ions, SStomat is 
4 (for Alq+) to 81 (for Al+) times higher for the Ag collector as compared to Si.  
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Fig. IV-13: Storing Matter sensitivities of some positive secondary ions for Alq3 
deposits on an Ag and on a Si collector. 
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Fig. IV-12: Positive Storing Matter spectra of Alq3 deposits on an Ag and a Si 
collector. 
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the pristine collector. This might be due to the much higher Al+ intensity (105 
counts) on the pristine Si collector (probably due to contaminations) than on 
the pristine Ag surface (200 counts). 
 
In addition to sputtering/ionization mechanisms, the collector surface 
may also have an effect on the fragmentation of the deposited particles during 
the analysis step. For the Storing Matter deposits of Alq3, some intensity ratios 
of characteristic fragment ions were calculated for Si and Ag collectors (Fig. 
IV-14). These values give an indication about the degree of fragmentation of the 
Alq3 molecule (assuming that the differences in sticking coefficient and in 
sputtering/ionization efficiencies between the two collector surfaces affect all 
the considered fragments in the same way). For the Ag collector, the ratios 
are similar to those measured directly on the Alq3 reference sample (Fig. 
IV-11). The proportion of smaller fragments is higher on the Si collector, 
suggesting that fragmentation is more important in this case. This might be 
explained by the increased near-surface energy deposition in the case of the Ag 
collector: several Ag atoms are set in motion by the collision cascade and can 
contribute to a collective uplifting of large fragments67. Furthermore, the large 
Ag atom can interact with several atoms of the organic molecule at a time and 
may thus enhance the desorption of large fragments66. Possible bonds and 
chemical interactions between the deposited particles and the collector surface 
can also influence the fragmentation mechanisms during the analysis step: a 
high reactivity of a collector material towards the deposited Alq3 fragments 
would favour the breaking of intramolecular bonds66.  
These results illustrate that using an Ag collector instead of Si for a 
Storing Matter deposit of Alq3 influences the sputtering/ionization processes 
during the analysis step in a beneficial way and reduces the fragmentation of 
the molecule. However, a difference in sticking efficiency of Alq3 fragments on 
Ag and Si collectors cannot be excluded. 
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Fig. IV-14: Intensity ratios of characteristic fragments for the positive Storing 
Matter spectra of Alq3 on Si and Ag collectors. 
 
IV.5. (a) iii)  Comparison of Au, Ag and Cu collectors for 
a PVC deposit 
The positive mass spectra of Storing Matter deposits of PVC on Au, Ag 
and Cu collectors are displayed in Fig. IV-15. The Storing Matter spectra on 
the Ag and Cu collectors show a similar hydrocarbon peak series in the low 
mass range as the PVC reference spectrum, while the peak distribution on the 
Au collector is totally different. As shown in Chapter III, the positive mass 
spectrum of the pristine Au collector contains many intense peaks 
corresponding to organic species. This strong “background signal” makes it 
impossible to identify a Storing Matter deposit on an Au collector by only 
looking at the spectra.  
The Storing Matter sensitivities of some characteristic PVC peaks for 
the 3 collectors are displayed in Fig. IV-16. The sensitivities for hydrocarbon 
fragments are by far the highest on the Ag collector. Here again the question 
is whether this is due to a difference in sticking coefficients or in desorption 
and/or ionization yields during the analysis step. For comparison purposes, 
ME-SIMS (polymer on metal) and MetA-SIMS (metal on polymer) experiments 
were also carried out for PVC in combination with the 3 noble metals.  
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Fig. IV-15: From top to bottom: positive reference spectrum of the PVC 
sample, positive Storing Matter spectrum of PVC on Ag, Cu, and Au collectors. 
 
ME-SIMS samples were prepared by spin-coating thin layers of PVC from 
a 0.1 wt% solution in THF onto metal substrates prepared in the collector 
coating chamber (30nm nominal thickness on cleaned Si wafers) and positive 
mass spectra were acquired. For an easier comparison with the Storing 
Matter results, the ME-SIMS sensitivity S
ME-SIMS
 was defined as the ratio of the 
absolute intensity of a peak in the ME-SIMS spectrum divided by its intensity on 
the pristine noble metal. This ratio indicates how easily a characteristic peak of 
the polymer can be distinguished from the “background signal” of the pristine 
metal surface. The obtained values are represented in Fig. IV-17. For all the 
considered fragment ions, the Au substrate provides the highest ME-SIMS 
sensitivities, while Cu and Ag give similar and very low values. The differences 
observed for the 3 substrates may be due to one or more of the following 
parameters: 
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Fig. IV-16: Storing Matter sensitivities of some characteristic positive ions of 
PVC deposits on Ag, Cu and Au collectors. 
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Fig. IV-17: ME-SIMS sensitivities of characteristic PVC for thin PVC layers spin-
coated on Cu, Ag and Au substrates. SME-SIMS is defined as the ratio of the absolute 
intensity of a peak in the ME-SIMS spectrum divided by its intensity on the pristine 
noble metal. 
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(1) Sputtering: due to its large atomic radius, Au has a higher stopping 
power and thus reflects the projectiles’ kinetic energy more 
efficiently towards the sample surface, causing an increase in 
sputtering yield of the organic particles on the surface. It is 
however unlikely that this is the only reason for the above 
observations, because in that case there should also be a 
significant difference between the Cu and Ag substrates. 
(2) Ionization: the differences observed between the 3 substrates 
might also be related to the ability of each metal to provide a 
positive charge to an organic fragment.  
(3) Coverage of the metal surface by PVC: although the spin-coating 
parameters were identical for the 3 noble metal substrates, 
differences in the structure and coverage of the thin PVC layers 
depending on the interactions between the metal surface and 
the polymer solution cannot be excluded.  
 
For ME-SIMS, the use of an Au substrate seems thus to be the best 
choice for PVC, while Ag seems more beneficial for Storing Matter deposits. 
This means that changes in ionization probabilities induced by the different 
noble metals cannot be considered as the only reason for the higher Storing 
Matter sensitivities obtained with Ag collectors. The different trends observed 
for the noble metals in Storing Matter and ME-SIMS are either due to different 
degrees of coverage of the metal surface by the polymer (due to different 
sticking coefficients in the case of Storing Matter and to different interactions 
between the polymer solution and the metal surface in the case of ME-SIMS), 
or the mechanisms that govern the secondary ion emission are fundamentally 
different in ME-SIMS and in Storing Matter. A Storing Matter deposit consists 
of polymer fragments of different sizes, while in the ME-SIMS configuration the 
metal surface is covered with long polymer chains. The comparison of 
secondary ion formation from a Storing Matter deposit and a ME-SIMS sample 
is thus not straightforward since the starting materials are very different. 
Moreover, the deposition methods (sputter-deposition and spin-coating) are 
different and may also influence the way the polymer or the organic fragments 
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interact with the metallic substrate. From this point of view, the different 
trends observed for the noble metals in the case of Storing Matter and ME-
SIMS seem less contradictory. Furthermore, variations in surface coverage 
from one noble metal to another cannot be ruled out for the Storing Matter 
deposits and for the ME-SIMS samples.  
For complementary MetA-SIMS experiments, 3 PVC samples were 
covered by 2nm (nominal thickness) of Au, Ag, or Cu in the collector coating 
chamber and transferred to the TOFIII instrument with the UHV suitcase. For 
the characteristic peaks already considered in Fig. IV-16, the MetA-SIMS 
enhancement factor (ratio of the intensity measured on the metal coated PVC 
sample as compared to the PVC reference sample) was calculated for each 
noble metal (Fig. IV-18). These enhancement factors should be considered with 
caution because the metallization procedure introduces also organic 
contaminants that might contribute to the hydrocarbon peak intensities in the 
low mass range. It is thus possible that the enhancement factors for the 
hydrocarbon cations are overestimated. The observed yield enhancements are 
quite low, and for some peaks the signal seems even to be suppressed by the 
presence of the Ag or Cu overlayer (C3H3
+, C4H7
+, and C5H9
+). Due to the non-
negligible contribution of organic contaminants to the positive MetA-SIMS mass 
spectra, it would be risky to draw any conclusions from these experiments. 
Furthermore, it would be necessary to analyze samples covered with various 
amounts of noble metals since this parameter has a significant influence on the 
yield enhancement.  
Ag and Au collectors were also compared for Storing Matter deposits of 
PS. Except for C7H7
+, the sensitivities of the considered characteristic ions are 
higher on the Ag collector (Fig. IV-19). The difference between the 2 metals is 
however smaller than for the PVC deposits. 
It can thus be concluded that Ag collectors are well suited for Storing 
Matter deposits of organic materials if the deposits are analyzed in the positive 
secondary ion polarity. 
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Fig. IV-18: MetA-SIMS enhancement factors of characteristic PVC peaks for 
Ag, Cu and Au (positive analysis mode). 
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Fig. IV-19: Storing Matter sensitivities of some characteristic positive ions of PS 
deposits on Ag and Au collectors. 
 
IV.5. (a) iv)  Cs collectors  
Noble metal collectors are the first choice for Storing Matter deposits of 
organic samples if the deposit is analyzed in positive mode. The use of Cs 
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coated collectors might be interesting for negative analysis, because Cs has a 
low work function and therefore enhances the negative ionization yields9,147. Cs 
is also the most electropositive element and thus a good electron donor. 
Furthermore, it has been shown that Cs forms positively charged clusters with 
organic fragments (MCsx
+)23,148,149 and that it reduces the formation of chemical 
damage during ion irradiation of polymers117.  
Storing Matter deposits of PMMA were prepared on a Cs collector and 
on an Ag collector. Fig. IV-20 shows the Storing Matter sensitivities of several 
negatively charged characteristic PMMA fragments. More different O-
containing fragments are detected on the Cs collector than on Ag. This means 
that either the double fragmentation is reduced in the case of the Cs collector, 
or that oxygen-containing fragments are more easily detected on a Cs surface. 
The latter option is more likely since the oxygenated fragments that were 
detected on both collectors have a higher SStomat on the Cs collector. For 
negative analysis mode, Cs collectors are thus better suited than Ag. 
In the positive mass spectrum (not shown here) of the PMMA deposit 
on Cs, two characteristic MCsx
+ ions were detected: Cs2CH3O
+ (m/z=297) and 
Cs2C4H5O2
+ (m/z=351). These clusters consist of two Cs+ cations combined 
with CH3O
- and C4H5O2
-, respectively. These two anions are the most intense 
oxygen-containing peaks in the negative reference spectrum of PMMA. Hence 
the PMMA deposit can also be identified in the MCsx
+ mode.  
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Fig. IV-20: Storing Matter sensitivities for characteristic negatively charged 
fragments for a PMMA deposit on an Ag and on a Cs collector. 
 
IV.5. (a) v)  Importance of UHV transfer of the deposits 
In order to highlight the importance of keeping the collectors under UHV 
conditions during the entire experiment (from the preparation of the collectors 
until the analysis of the deposit), a pristine Ag collector was first analyzed by 
TOF-SIMS after UHV transfer from the Storing Matter prototype, then exposed 
to air during 3 minutes, re-introduced into the instrument and analyzed again 
under the same conditions. 3 minutes would be approximately the time 
required for a transfer under atmospheric conditions of the collector between 
2 instruments. 
The low and high mass range of the positive mass spectra recorded 
before and after air exposure is shown in Fig. IV-21 and Fig. IV-22, 
respectively. Exposing the Ag collector to air has striking consequences:  
 The total intensity of all the positive peaks is increased by a factor 
10 (from 3.4 . 105 to 3.1 . 106 counts). 
 The hydrocarbon peaks in the mass range m/z<100 show an 
average increase by a factor 8. 
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 Oxygen containing peaks are particularly enhanced by air 
exposure. For example, the CHO+ (m/z=29) intensity becomes 20 
times higher and Ag3O
+ increases by a factor 57.  
 The Agn
+ peaks are 5 to 17 times higher. The mechanisms 
leading to this somewhat surprising signal increase are probably 
similar to those that cause the Agn
+ peaks to be higher in a 
Storing Matter spectrum than on the pristine Ag collector. 
 Small Ag-cationized hydrocarbon fragments of the type AgCnC2n
+ 
are enhanced by one order of magnitude.  
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Fig. IV-21: Positive mass spectra (low mass range) of a pristine Ag collector 
before and after air exposure. The absolute intensity of the 107Ag+ peak is 1.2.105 
counts before air exposure and 1.2.106 counts after air exposure. 
 
The Ag surface is thus highly altered by adsorption of organic and 
inorganic (especially oxygen) species after 3 minutes in air. The resulting higher 
peak intensities of inorganic and especially organic contaminants on the pristine 
collector would represent a disturbing background signal for the analysis of a 
Storing Matter deposit on this collector and the Storing Matter sensitivities 
would decrease. Vacuum transfer of the collectors between the different 
chambers (from the collector coating chamber to the sputter-deposition 
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chamber and then to the analytical instrument) is thus extremely important and 
was carried out for all the Storing Matter deposits presented in this work. 
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Fig. IV-22: Positive mass spectra (high mass range) of a pristine Ag collector 
before and after air exposure. Agn
+ peaks are marked with blue asterisks. 
 
IV.5. (b)  Sample preparation methods to enhance Ag-
cationization for Storing Matter deposits of 
PS  
IV.5. (b) i)  Introduction 
One of the reasons for using noble metal collectors is that, in addition to 
the fingerprint ions in the low mass range, metal-cationized fragments 
providing valuable molecular information may be detected in the positive Storing 
Matter spectra. However, for the deposits presented in the previous section 
only small and unspecific metal-cationized fragments, such as AgC2H4
+ or 
Ag2Cl
+, have been detected. The same observation has been made for the 
MetA-SIMS and ME-SIMS results presented above. This absence of high mass 
fragments is probably due to the relatively high chain lengths of the polymers 
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used for these experiments. It is likely that chain entanglement prevented the 
emission of large fragments composed of several monomer units. 
IV.5. (b) ii)  Sample preparation 
In order to further investigate Ag-cationization in Storing Matter, low 
molecular weight PS (3700 Da) was used for the experiments presented in this 
section. Moreover, different methods for metal-cationization used in traditional 
SIMS were combined with the Storing Matter technique. The samples used for 
sputter-deposition were prepared as follows:  
 PS sample: a PS layer was spin-coated onto a cleaned Si wafer 
from a 2 wt% solution in toluene.  
 Ag on PS sample: the same PS sample was covered with a small 
amount of Ag (2 nm nominal thickness) in the collector coating 
chamber. 
 PS on Ag sample: a thin layer of PS was spin-coated on an Ag 
substrate from a very diluted solution of PS in toluene (0.1 wt%).  
 PS/AgTFA sample: AgTFA (silver trifluoroacetate, formula shown 
in Fig. IV-23) was added to a solution of PS in THF 
(tetrahydrofuran) which was then spin-coated onto a cleaned Si 
wafer. The solution concentrations were 1 mg/mL for PS and 1 
mg/mL for AgTFA, which corresponds to one Ag atom for 2 
styrene monomer units. AgTFA is commonly used for sample 
preparation in MALDI-MS (Matrix-Assisted Laser 
Desorption/Ionization Mass Spectrometry) experiments and has 
also been found to enhance cationization in SIMS 
measurements70,150.  
 
Fig. IV-23: Molecular structure of AgTFA. 
These 4 samples were sputter-deposited onto Si and Ag collectors 
under identical conditions (page 65). The Storing Matter deposits, as well as 
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the PS-based reference samples, were analyzed in positive mode (analysis 
conditions described on page 65).  
IV.5. (b) iii)  Results and discussion 
Fig. IV-24 shows the positive reference spectra of PS, Ag on PS, PS on 
Ag, and PS/AgTFA. For the 3 Ag-containing samples, some Ag-cationized peak 
series were detected in the high mass range: Ag-cationized styrene oligomers 
[Ag(C8H8)n]
+, Ag-cationized oligomers with a butyl chain end and an extra proton 
[C4H9(C8H8)nHAg]
+, and the latter fragments with loss of a C7H6 fragment 
{[C4H9(C8H8)nHAg]-C7H6}
+. These 3 peak series mirror the structure of the 
styrene monomer unit and of the butyl chain end group. They are very valuable 
from an analytical point of view since the mass spectrum of the pristine PS 
sample does not contain any oligomer fragments.  
In the mass spectrum of the PS/AgTFA sample, [C4H9(C8H8)nHAg]
+ peaks 
are visible up to m/z=2 000, but the {[C4H9(C8H8)nHAg]-C7H6}
+ series is absent. 
This suggests that the interaction of the Ag atoms with the polymer chains is 
different for this sample type than for the Ag on PS and PS on Ag sample 
configurations. Agn
+ peaks with n ranging from 2 to 5 were also detected. This 
indicates that the Ag atoms form clusters on the PS/AgTFA sample 
surface70,150. The absolute intensities of the Ag-cationized fragments detected 
for this sample are in average one order of magnitude lower than for the PS on 
Ag sample, which is in agreement with results reported by Delcorte150.  
The mass spectra of Ag on PS and of PS on Ag are qualitatively very 
similar, but the intensities of the Ag-cationized fragments are up to 3 times 
higher for the latter sample. This is in agreement with previous results 
obtained by Delcorte74. Since the PS layer on the Ag substrate is very thin, 
chain entanglement is reduced. The Ag substrate below the thin PS layer 
seems to favour the emission of large fragments. This desorption mechanism 
might also play a role for the Ag-covered PS sample if one assumes that the PS 
macromolecules diffuse over the Ag islands, but in this case only a fraction of 
the PS molecules on the surface are in contact with Ag clusters. In the 
PS/AgTFA sample, the presence of the large Ag atoms probably also 
influences the sputtering mechanisms, but to a lesser extent than for the two 
other samples. 
Chapter IV: Study of the key parameters 
98 
 
The fact that the Ag on PS3700 and the PS3700 on Ag mass spectra 
contain large Ag-cationized fragments, while this was not the case for the PS 
samples of higher molecular weight used in section IV.3. (b) , suggests that 
polymer chain length is a crucial parameter in metal-cationization experiments. 
Shorter chains are less entangled and can more easily diffuse on metallic 
clusters (or vice versa). This argument is supported by a study by Delcorte et 
al. on the diffusion of PS chains over Au clusters71. They concluded that the 
diffusion speed is of the order of some µm per hour for PS700, and at least 
10 times slower for PS2180. They also found that for an Au-covered PS 
sample, Au-cationized oligomers larger than 3 000 Da could not be detected, 
while fragments of up to 10 000 Da were detected on thin PS overlayers on Au 
substrates. These findings suggest that the diffusion process of oligomers 
larger than 3 000-4 000 Da over the Au islands is not efficient enough to give 
rise to large Au-cationized fragments.  
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Fig. IV-24: Positive mass spectra of the PS reference sample, the Ag on PS sample, 
the PS on Ag sample, and the PS/AgTFA sample.  
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Fig. IV-25 represents the positive Storing Matter spectra obtained on 
the deposits of the 4 samples on Si and Ag collectors. For the deposit of the 
Ag-covered PS on a Si collector, some Ag-cationized fragments were detected, 
but their intensities were very low. It is possible that these adducts were 
already generated in the sputter-deposition step or that they are only formed 
on the Si collector surface when an organic fragment and an Ag atom that 
were deposited independently enter in contact. Since the deposit is very dilute, 
the latter option seems rather unlikely, except if the diffusion processes were 
very efficient. 
The 4 Storing Matter deposits on Ag collectors all present at least 
some ions of the 3 Ag-cationized peak series that were already observed for 
the Ag-containing reference samples in Fig. IV-24. The Storing Matter 
spectrum of the pristine PS sample on the Ag collector contains the least Ag-
cationized fragments. There is thus an additional benefit for the high mass 
range of the Storing Matter spectra if Ag is already present in the sample used 
for sputter-deposition. The deposit obtained from a thin PS layer on an Ag 
substrate yields the most numerous and most intense Ag-cationized ions. 
These adducts may be formed via 2 different mechanisms: (1) the Ag atom 
originates from the initial sample and the adducts were not destroyed during 
the analysis step, or (2) the Ag-cationized fragments result from the 
recombination of an organic fragment with one of the Ag atoms that constitute 
the collector surface. Mechanism (1) alone seems unlikely because in that case 
the Ag-cationized fragments should also be easily detected in the Storing 
Matter deposits of Ag-containing PS samples on Si collectors. (2) is very 
probable because all the deposited fragments are in contact with the Ag 
collector. In the case of the pristine PS deposit on the Ag collector, (2) is the 
only possible mechanism. For the Storing Matter deposits obtained from Ag-
containing PS samples, a combination of (1) and (2) seems most likely.  
The high mass ranges of the Storing Matter spectra on Ag collectors 
are qualitatively and quantitatively very similar to those of their respective 
reference sample shown in Fig. IV-24. Fragmentation and ejection mechanisms 
are the determining parameter for the sputter-deposition step, while for the 
analysis step sputtering and ionization play a role (and possibly further 
fragmentation, but this was obviously not significant in the case of the large
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Fig. IV-25: Positive Storing Matter spectra for deposits of PS, Ag on PS, PS on Ag, and PS/AgTFA on Si and Ag collectors. The 
signification of the coloured arrows is the same as in Fig. IV-24. 
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fragments detected in the Storing Matter spectra). The conditions for 
sputtering and ionization of a fragment from a given collector surface are 
identical for all the deposits on Ag collectors, consequently the differences in 
the high mass range of the Storing Matter spectra of the 4 PS-containing 
samples are essentially due to fragmentation and ejection probabilities of large 
fragments during the sputter-deposition step. This explains the similarity of the 
high mass range of the reference spectra and the Storing Matter spectra. 
There are three basic requirements for the lift-off of large chain 
fragments from a polymer sample surface: (1) the part of the polymer chain 
containing the considered fragment should be localized inside the sputter 
crater, but not in the central region where most bond scissions take place; (2) 
the chain entanglement and other inter- or intramolecular interactions should 
be weak in order to allow the extrication of the fragment from the polymer 
matrix; (3) the emission mechanism of the fragment should be gentle enough 
to avoid further bond scissions. According to the intensities of the Ag-
cationized fragments in the Storing Matter spectra (Fig. IV-25) as well as in the 
reference spectra (Fig. IV-24), the efficiency of large fragment ejection can be 
classified as follows: PS sample < PS/AgTFA < Ag on PS < PS on Ag. This 
order seems quite logical: for the PS on Ag sample, the increased near-surface 
energy deposition in the Ag substrate and the lower degree of chain 
entanglement both facilitate the emission of large fragments. The Ag cluster 
islands on the surface of the Ag on PS sample provide a similar but less 
pronounced effect, while the Ag atoms (and clusters) present in the PS/AgTFA 
sample probably have a significantly smaller influence on the sputtering 
efficiencies. Chain entanglement in these 2 samples is probably more 
important than for the PS on Ag sample. 
The Storing Matter sensitivities of the C7H7
+ ion calculated for the 
deposits of different PS-containing samples on Ag and Si collectors are shown 
in Fig. IV-26. The values are 2 - 3 times higher on the Ag collectors than on Si. 
For C7H7
+, the evolution of SStomat of the 4 deposits on the Ag collectors is slightly 
different from that of the intensities of the Ag-cationized fragments (the order 
of PS/AgTFA and the Ag on PS samples is switched). The similarity between 
reference and Storing Matter spectra is thus restricted to the high mass 
range, which contains only fragments that do not suffer significant double 
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fragmentation. On the contrary, small fingerprint fragments like C7H7
+ can be 
formed via many different pathways, as well directly in the sputter-deposition 
step as during the analysis (by double fragmentation of larger chains). 
Moreover, contrarily to the Ag-cationized fragments, the formation of 
fingerprint ions does not require the proximity of Ag atoms. It is thus not 
surprising that the behaviour of a small fragment is different from that of large 
Ag-cationized oligomers.  
In addition to the use of Ag collectors, Ag-cationization of PS oligomers 
with the Storing Matter technique can be further enhanced by adding Ag in any 
form to the sample used for sputter-deposition. The best results are obtained 
in the case of the PS layer on an Ag substrate, which is also the sample that 
yields the highest intensities in the reference spectra. However the only 
method that is applicable to real-world samples is the evaporation of small 
amounts of Ag onto the organic sample’s surface since the other preparation 
routes require the analyte to be solubilized for spin-coating. 
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Fig. IV-26: Storing Matter sensitivity of the C7H7
+ ion for deposits of different PS-
containing samples on Ag and Si collectors. 
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IV.5. (c)  The amount of matter deposited on the 
collector 
IV.5. (c) i)  Introduction 
The amount of organic matter deposited onto the collector is one of the 
key parameters of the Storing Matter technique: there should be enough 
particles on the collector to allow an efficient detection during the static SIMS 
analysis, but the coverage should be inferior to one monolayer so that all the 
deposited particles are in contact with the same matrix (i.e. the collector 
surface).  
The amount of deposit on the collector depends on three factors: 
 the sputtering yield of the organic sample, 
 the sticking factor of the emitted particles on the collector, 
 and the total number of primary ions used for the sputter-
deposition step. 
For a given polymer/collector combination and fixed ion beam conditions 
(impact energy and angle, primary ion type, fluence), only the last parameter 
can be experimentally controlled.  
IV.5. (c) ii)  Experimental conditions 
PS2000 samples were sputter-deposited onto Ag collectors with varying 
total numbers of primary ions, thus forming deposits with different degrees of 
coverage. In order to keep the sputter-deposition fluence constant (5 . 1012 
ions/cm2) for all the deposits, only the size of the total bombarded area was 
modified while the raster size, the ion current, and the speed of the sample 
stage were identical (as described on page 65). The values chosen for the 
sputtered area and the corresponding number of primary ions used for each 
sputter-deposition are given in Table IV-1. By assuming that the sticking factor 
does not undergo any significant variations during the sputter-deposition step 
(i.e. that the sticking coefficient is independent of the amount of deposit already 
present on the collector, at least for the low degrees of coverage considered 
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here), it can be considered that the degree of surface coverage by the deposit 
is proportional to the number of Ar+ ions used for the sputter-deposition.  
IV.5. (c) iii)  Results and discussion 
For these deposits, the Storing Matter sensitivities for 3 characteristic 
PS fragments and for the Ag+ peak are compared in Fig. IV-27 and Fig. IV-28. 
For PS-characteristic organic fragments such as C7H7
+ (m/z=91), C9H7
+ 
(m/z=115), or C14H13
+ (m/z=181), SStomat increases as a function of the deposit 
coverage, while the Ag+ intensity becomes more and more inferior to the value 
measured on the pristine Ag collector. These observations confirm that the 
amount of organic fragments on the collector increases and progressively 
covers the Ag collector.  
 
Deposit  N°1 N°2 N°3 N°4 N°5 N°6 
area 
(cm2) 
0.15 0.60 1.00 2.25 4.29 6.30 
primary 
ions 
7.5 . 1011 3.0 . 1012 5.0 . 1012 1.1 . 1013 2.1 . 1013 3.2 . 1013 
Table IV-2: Total bombarded area and number of primary ions used for the sputter-
deposition of PS2000 samples onto Ag collectors. The fluence was 5.0 . 1012 ions/cm2 for all 
the deposits. 
 
For comparison purposes, thin layers of PS2000 were spin-coated onto 
Ag substrates from solutions with varying concentrations (0.002 - 0.87 
mg/mL) and analyzed by TOF-SIMS. Fig. IV-29 displays the absolute intensity 
variations of C7H7
+ and Ag+ as a function of the concentration of the PS 
solution. The first point corresponds to the intensity measured on the pristine 
Ag substrate. With increasing PS concentration, the C7H7
+ intensity first 
increases, reaches a maximum somewhere between 0.01 and 0.1 mg/mL, 
and then decreases again. This decrease can be attributed to the progressive 
loss of the yield-enhancing effect of the Ag substrate as the PS coverage 
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increases, and also to an increasing chain entanglement. Qualitatively similar 
results have been found by Muddiman151 for thin PS layers on etched silver, and 
by Wehbe152 in the case of Au substrates covered with thin PS layers obtained 
by spin-coating from solutions of varying concentrations.  
As can be seen in the second frame in Fig. IV-29, the presence of a 
small quantity of PS enhances the Ag+ intensity by one order of magnitude. 
Even for the highest PS concentration, the Ag+ signal is still 5 times higher than 
on the pristine Ag surface. Such a signal enhancement has also been observed 
for an Ag collector exposed to atmospheric pressure during 3 minutes (section 
IV.5. (a) v) ), and to a lesser extent for Storing Matter deposits on Ag 
collectors. The Ag+ intensity is thus influenced by a matrix effect related to the 
organic sub-monolayer. Schnieders et al. also reported an increase of the Ag+ 
peak for sub-monolayer coverages of adenine and β-alanine on Ag56,153. With the 
help of complementary laser-SNMS measurements (no ionization matrix 
effects), they were able to separate the matrix effect experienced by Ag+ into 
sputtering and ionization effects: in presence of the adenine sub-monolayer, the 
matrix effect of Ag+ was ionization-induced, while with the β-alanine overlayer 
there was a sputter-induced matrix effect. On the other hand, the matrix effect 
experienced by the organic secondary ions was sputter-induced for both 
materials, and for β-alanine there was an additional contribution by ionization 
effects. The sputtering enhancement of the organic species can be explained 
by the high stopping power of Ag. The sputtering-enhancement is thus 
reciprocal for alanine on Ag, indicating that this molecule, even at sub-
monolayer coverage, significantly affects the collision cascades, while this is not 
the case for adenine. As for the ionization-induced matrix effects, it seems 
logical that only one of the interacting materials (metallic or organic) can be 
concerned. 
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Fig. IV-27: Storing Matter sensitivities of 3 characteristic peaks for PS deposits 
on Ag collectors prepared with different numbers of primary ions. The straight lines 
are meant to guide the eyes.  
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Fig. IV-28: Storing Matter sensitivities of Ag+ (sum of both isotopes) for PS 
deposits on Ag collectors prepared with different numbers of primary ions. The straight 
line is meant to guide the eyes. 
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Fig. IV-29: Absolute intensity of the C7H7
+ and Ag+ peaks for PS2000 dissolved 
in toluene at different concentrations and spin-coated on Ag substrates. The first data 
point corresponds to the intensities measured on the pristine Ag substrate. 
 
Muddiman found that the Ag+ intensity was constant in the 
concentration range in which the PS signal increased with coverage and then 
dropped151. This shows that the evolution of the Ag+ intensity in the low 
coverage region is determined by 2 competing factors: on one hand the matrix 
effect (sputter- or ionization effects) induced by the presence of the organic 
material, and on the other hand the progressive decrease of available Ag 
surface with increasing coverage by organic material.  
The yield enhancement of a metallic cation in presence of an organic 
sub-monolayer thus depends on the charge transfers taking place between the 
two materials and on the organic material’s ability to influence the collision 
cascade. The latter factor is probably influenced by the exact arrangement of 
the molecules on the metallic surface, i.e. whether there is formation of 
organic islands, diffusion of the molecules over the metal and vice-versa, etc. 
IV.5. (c) iv)  Conclusions 
Since the Storing Matter sensitivities of characteristic PS peaks 
increase with deposit coverage through the studied range, it can be concluded 
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that they are quite dilute and that the yield-enhancing effect of the Ag collector 
is not yet lost, even for the deposit prepared with the highest number of 
primary ions. For practical reasons, most Storing Matter deposits presented in 
this work were prepared with 1.0-1.2 . 1013 Ar+ ions. This corresponds to the 
total sputtered area available on a sample of the same dimensions as the 
sample-holder of the Storing Matter prototype instrument. The other 
experimental parameters (raster size, ion current, and the speed of the sample 
stage movement) were adapted in order to reach a fluence of 5 . 1012 ions/cm2 
(i.e. within the static limit) on each point of the sample (page 65). 
 
IV.5. (d)  The primary ion fluence used for sputter-
deposition  
IV.5. (d) i)  Introduction 
The primary ion fluence is a critical factor for the analysis of organic 
samples, since ion beam degradation can have important consequences, both 
qualitative and quantitative, for the mass spectrum of an organic sample154-157. 
Similarly, the fluence used for the sputter-deposition step in the Storing Matter 
technique can be expected to have a significant impact on the Storing Matter 
spectra. PVC is known to be a type I polymer (cross-linking type)113 and is thus 
very sensitive to the primary ion fluence.  
IV.5. (d) ii)  Experimental conditions 
3 PVC samples were sputtered with the same flux (1.2 . 1013 primary 
ions during 200 s) but the total bombarded sample area was changed by 
moving the samples at different speeds under the rastering Ar+ ion beam. This 
made it possible to reach different primary ion fluences while keeping the total 
number of primary ions and the sputtering time constant for each deposit: 
 deposit 1: fluence: 5 . 1012 ions/cm2, sputtered area: 2.4 cm2, 
sample speed: 0.8 mm/s 
 deposit 2: fluence: 5 . 1013 ions/cm2, sputtered area: 0.24 cm2, 
sample speed: 0.08 mm/s 
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 deposit 3: fluence: 5 . 1014 ions/cm2, sputtered area: 0.024 
cm2, sample speed: 0.008 mm/s. 
The Ar+ current was adjusted to 9.6 nA for these sputter-depositions. 
These Storing Matter deposits, as well as a PVC reference sample used 
for comparison purposes, were analyzed by ToF-SIMS in positive mode. The Ar+ 
fluence for the analysis step was 5 . 1012 ions/cm2 for all the samples.  
IV.5. (d) iii)  Results and discussion 
Fig. IV-30 compares the positive mass spectra recorded in the centre of 
each deposit as well as a positive reference spectrum recorded directly on a 
PVC sample. The low mass range (m/z < 100) of these spectra mainly 
contains peaks that are characteristic of the hydrocarbon backbone of PVC, 
such as C3H5
+ at m/z = 41 or C4H7
+ at m/z = 55. The higher mass range (not 
shown) of the PVC reference spectrum contains only very weak peaks, while 
the spectra of the Storing Matter deposits show different series of relatively 
high peaks corresponding to Agn
+ clusters, Ag2Cl
+, and small Ag-cationized 
fragments such as Ag C4H8
+.  
From the spectra of the different Storing Matter deposits, it can be 
clearly seen that the overall peak intensities decrease as the primary ion 
fluence used for sputter-deposition increases. This can be explained by a 
decrease in sputtering yield at higher fluences due to an accumulation of 
chemical damage at the sample surface133.  
Leggett et al. investigated the changes in the positive PVC mass 
spectrum when the primary ion fluence increases155. They observed that the 
peaks of some aromatic fragments (e.g. C7H7
+ or C11H9
+) became more 
dominant as the fluence increased. These fragments mirror the chemical 
damage that accumulates at the PVC surface. Fig. IV-31 shows the Storing 
Matter sensitivities for some positive hydrocarbon fragment ions. The 
sensitivity of the damage-related fragments increases with the sputter-
deposition fluence. For the deposit prepared with the highest fluence, the 
sensitivities of damage-related fragments even overweigh those that are 
characteristic of the polymer and thus making an identification of PVC by its 
Storing Matter spectrum impossible. 
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Fig. IV-30: Low mass range of the positive mass spectra recorded on PVC 
deposits prepared with different PI fluences. The mass spectrum of a PVC reference 
sample is shown for comparison purposes. The primary ion fluence used for analysis 
was 5 . 1012 ions/cm2 for all the mass spectra. 
  
IV.5. (d) iv)  Conclusions 
It can be concluded from these experiments that the Storing Matter 
technique is sensitive enough to observe the well-known quantitative (decrease 
in sputtering yield) and qualitative (increasing contribution of aromatic 
fragments) consequences of increasing the primary ion fluence. It is thus 
important not to exceed the static limit in both steps of the Storing Matter 
technique since the changes in the mass spectra may easily lead to 
misinterpretations. 
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Fig. IV-31: Storing Matter sensitivities of positive hydrocarbon ions for 3 PVC 
deposits on Ag collectors prepared with different Ar+ fluences. The dotted red line 
separates the fragments related to the hydrocarbon backbone of PVC from those that 
reflect chemical damage in the sample due to ion irradiation. 
  
IV.5. (e)  The primary ion energy used for sputter-
deposition 
IV.5. (e) i)  Introduction 
For PMMA and PVC samples, the sparseness of oxygen- or chlorine-
containing fragments in the Storing Matter spectra compared to the reference 
spectra has been attributed to double fragmentation during sputter-deposition 
and the subsequent analysis step (page 67). Indeed all the ions in a Storing 
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Matter spectrum that originate from the organic sample have been involved in 
two collision cascades, which is exactly what one tries to avoid in a traditional 
static SIMS analysis. In this section a possible effect of the primary ion energy 
used for sputter-deposition on the fragmentation is studied.  
IV.5. (e) ii)  Experimental conditions 
For Storing Matter deposits of PMMA, PVC and Alq3 the impact energy 
of the Ar+ ion beam used for sputter-deposition was varied. For energies lower 
than 2 keV, the ion gun was used in floating mode as described in Chapter I. 
The other sputter-deposition parameters (raster size, current etc.) were kept 
constant. The deposits were all analyzed with 10 keV Ar+ ions as described on 
page 65. 
IV.5. (e) iii)  Results and discussion 
Storing Matter deposits of Alq3 on Ag collectors were prepared with 
impact energies of 10, 7.5, 5, and 3.75 keV and analyzed in positive mode. 
For all the deposits, the characteristic fragments identified above (page 75) 
were detected: (Alq)+ (m/z=171), AlqH+ (m/z=172), AlqOH+ (m/z=188), and 
Alq2
+ (m/z=315). Their absolute intensities drop with decreasing impact energy 
because of the decrease of the sputtering yield. These intensity variations are 
not proportional for all the considered fragments, which indicates that changes 
in fragmentation occur. In order to directly compare fragmentation for different 
energies, the intensity ratios 
)2I(Alq
)I(Alq
+
+
, 
)2I(Alq
)I(AlqH
+
+
, and 
)2I(Alq
)I(AlqOH
+
+
 were calculated 
for each deposit. The evolution of these ratios with the sputter-deposition 
energy is represented in Fig. IV-32. As the energy decreases, the smaller 
fragments become more and more dominant compared to the Alq2
+ ion, 
suggesting that the fragmentation during the sputter-deposition step becomes 
more important at low energies. The fragmentation trends reported in the 
literature are quite contradictory. Several authors have associated a lower 
impact energy with less fragmentation158,159. Kersting et al.109 observed that 
fragmentation of an Irganox1010 layer on LDPE increases with the impact 
energy of Ga+, but the opposite was the case for Au+ and Cs+ projectiles in the 
studied energy range, which indicates that the nature of the primary ion seems 
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to play an important role. They did not present further explanations for these 
observations. Delcorte et al. observed an increase of the fragmentation of PET 
(poly(ethylene terephtalate)) with the impact energy of In+ primary ions160. 
Unfortunately no literature data is available for the particular case of Alq3 
samples and Ar+ bombardment.  
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Fig. IV-32: Intensity ratios calculated from the Storing Matter spectra as a 
function of the impact energy of the Ar+ beam used for sputter-deposition of Alq3 
samples onto Ag collectors. The curves represent data fits by an exponential decay 
function. 
 
The damage created by a slower primary ion is more surface-localized, 
while a faster projectile rather destroys chemical bonds in the sub-surface 
region. Since the ejected species mainly originate from the top few monolayers 
of the sample39,161, the peak ratios in a mass spectrum do not necessarily 
convey a realistic picture of the global amount of bond-scissions occurring in 
the sample. Regardless of the global extent of fragmentation caused by the 
collision cascades, the efficiencies of mechanisms leading to ejection of large 
intact versus small damaged fragments may also vary as a function of the 
impact energy. The degree of “fragmentation” that is indicated by peak ratios in 
a mass spectrum may not reflect the real extent of fragmentation caused by 
the collision cascades, but it is the combined result of the bond-scissions taking 
place near the impact point, of the ejection efficiencies of large/small 
fragments, and of the contribution of metastable decay reactions in the field 
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free region of the mass spectrometer. Which factor overweighs at a given 
impact energy probably depends on the sample and the projectile.  
The contribution of meta-stable decay reactions during the analysis step 
of the Storing Matter deposits should be similar for the different deposits since 
the analysis conditions were identical. 
Sputter-depositions with different impact energies in the range of 0.2-
10 keV have also been carried out for PVC and PMMA samples (Ag collectors). 
The positive Storing Matter mass spectra of the low energy deposits (not 
shown) do not contain any additional chlorine- or oxygen-containing fragments 
compared to the 10 keV deposit. Lowering the impact energy for the sputter-
deposition step does not seem to reduce the double fragmentation for these 2 
polymers. However these observations should be relativized because the 
impact energy used for the analysis step was always 10 keV. Even if sputter-
depositions at low energy eject larger fragments, it is possible that the latter 
are destroyed during the analysis step and cannot be detected in the Storing 
Matter spectra. 
 
IV.5. (f)  Primary ion type used for the analysis step 
IV.5. (f) i)  Introduction 
In section IV.5. (a) , it was shown that the choice of the collector 
surface is a crucial parameter for the analysis step. The Storing Matter 
spectra presented above were all analyzed with 10 keV Ar+ primary ions, which 
might not be the best option as far as efficient sputtering and reduced 
fragmentation are concerned. 
IV.5. (f) ii)  Experimental conditions 
Storing Matter deposits of Alq3, PS and PMMA, as well as of their 
corresponding reference samples were analyzed with different primary ions (Ar+ 
in the TOFIII, and Bi+ and Bi3
+ in the TOF5 instrument by Ion-TOF) in order to 
verify a possible influence of the analysis projectile on the Storing Matter 
spectra. The analysis conditions are resumed in Table IV-3. The primary ion 
fluence was similar for all the projectiles.  
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projectile Ar+ Bi+ Bi3
+ 
impact energy (keV) 10 25 25 
current (pA) 0.5 0.95 0.65 
raster size (µm2) 100.100 100.100 100.100 
acquisition time (s) 180 120 180 
fluence (ions/cm2) 5.6 . 1012 7.1 . 1012 7.3 . 1012 
Table IV-3: Analysis conditions used for different primary ion types. 
 
IV.5. (f) iii)  Results and discussion: Alq
3
 sample 
a. Reference sample 
The positive mass spectra of an Alq3 reference sample analyzed with 
Ar+, Bi+, and Bi3
+ primary ions are shown in Fig. IV-33. The characteristic ions 
Al+ (m/z=27), (Alq)+ (m/z=171), AlqH+ (m/z=172), AlqOH+ (m/z=188), Alq2
+ 
(m/z=315), and Al2q3O
+ (m/z=502) are detected in each spectrum, but their 
absolute intensities vary strongly for the different projectiles. It should be noted 
that the Ar+ mass spectrum was recorded in a different instrument and that 
the absolute intensities should not be directly compared with those measured 
with the other projectiles.  
The highest overall peak intensities are obtained with Bi3
+ primary ions. 
The intensity of the Alq2
+ peak (2 . 106 counts) corresponds to the number of 
primary ion pulses used for this analysis, which means that there were 
probably detector saturation issues for this ion. This is confirmed by the fact 
that in the Bi3
+ spectrum the intensity ratio of the Alq2
+ peak (m/z=315) and 
the same ion containing one 13C atom (m/z=316) does not correspond to the 
natural abundance of the 13C isotope. Therefore the intensity of the Alq2
+ peak 
measured with Bi3
+ will not be included in the discussions. 
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In order to compare the fragmentation obtained with Ar+ and Bi+, 
intensity ratios of different characteristic fragments were calculated for these 
two projectiles (Fig. IV-34). These ratios are very similar for each projectile, 
indicating that there is no significant change in fragmentation although a bi 
atom is 5.2 times heavier than an Ar atom. In general, heavier monoatomic 
projectiles are associated with less fragmentation159. However the impact 
energy of Bi+ (25 keV) was higher than that used for Ar+ (10 keV), which makes 
it more difficult to directly compare the effect of these two projectiles.  
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Fig. IV-33: Positive mass spectra of an Alq3 sample obtained with different 
primary ion types. Note the different vertical scales. 
 
Due to the detector saturation for Alq2
+ in the case of Bi3
+ 
bombardment, the correct intensity ratios are not known fir this projectile. It is 
thus not possible from the available data to draw any conclusions about the 
fragmentation of Alq3 with Bi3
+.  
Diehnelt55 analyzed an α-cyano-4-hydroxycinnamic acid sample with Cs+ 
and different polyatomic primary ions and found that the intensity ratio of the 
deprotonated molecular ion by the intensity of a fragment ion was lower for 
cluster projectiles. These results could be correlated with an increase in decay 
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fractions with polyatomic ions. The higher fragmentation observed with cluster 
primary ions is the result of bond breaking by the collision cascades and by 
further dissociation reactions in the drift region of the instrument. The 
contribution of metastable decay reactions to the final peak distribution in the 
mass spectrum depends on the efficiency of the recoil atoms to convert their 
translational energy into vibrational energy of the ejected fragment ions55. For a 
given projectile type and energy, the relative contribution of fragmentation 
through metastable decay is sample-dependent, which explains the very 
different trends observed in fragmentation behaviour with mono- and 
polyatomic primary ions for various samples.  
Fig. IV-35 shows the yield enhancements measured for different 
secondary ions if the Alq3 sample is analyzed with Bi3
+ ions instead of Bi+. Yield 
enhancements up to a factor 34 are observed when going from the mono- to 
the polyatomic projectile.  
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Fig. IV-34: Intensity ratios of characteristic Alq3 fragments obtained for positive 
mass spectra of an Alq3 reference sample recorded with Ar
+ and Bi+ primary ions. 
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b. Storing Matter deposit 
A Storing Matter deposit of Alq3 on an Ag collector was prepared with 
the experimental conditions described on page 65 and the deposit was 
analyzed with Ar+, Bi+ and Bi3
+ primary ions (experimental conditions given in 
Table IV-3). The Storing Matter sensitivities of characteristic Alq3 ions were 
calculated for each primary ion (Fig. IV-36).  
For all the considered peaks, Ar+ ions yield the highest Storing Matter 
sensitivities. For Al+ and the smaller fragment ions, the Storing Matter 
sensitivities are higher for Bi3
+ than for Bi+, but the opposite trend is observed 
for the 3 largest fragments. For each secondary ion the sensitivities obtained 
for these two projectiles are very close.  
The better results obtained with Ar+ as compared to Bi3
+ are not 
surprising since it is well known that significant secondary yield enhancements 
with cluster projectiles are rather obtained for bulk organic samples than for 
thin layers (or a sub-monolayer as it is the case for the Storing Matter deposit) 
of organic matter on metallic substrates65,107. However the difference between 
Bi+ and Ar+ is in contradiction with results published by Heile and co-workers65, 
who analyzed a thin layer of polyethylene imine (PEI) on an Ag substrate with 
monoatomic projectiles of different mass and found that a larger projectile 
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Fig. IV-35: Yield enhancement measured for different characteristic ions if the 
Alq3 reference sample is analyzed with Bi3
+ ions instead of Bi+. 
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causes higher secondary ion yields. They observed an almost 4-fold intensity 
increase for the characteristic ion C3H8N
+ when going from 10 keV Ar+ to 25 
keV Bi+ primary ions.  
 
In order to study possible changes in fragmentation when the Storing 
Matter deposit of Alq3 on an Ag collector is analyzed with Ar
+, Bi+ and Bi3
+ ions, 
intensity ratios of characteristic fragment ions are compared in Fig. IV-37. The 
proportion of small fragments increases strongly when going from Ar+ to Bi+, 
and then slightly further with Bi3
+ primary ions. For the Alq3 reference sample 
the intensity ratios were very similar for Ar+ and Bi+, and one order of 
magnitude higher for Bi3
+. The differences in the Storing Matter spectra with 
these 2 projectiles are thus not related to the material Alq3 itself, but rather to 
the fact that Alq3 (molecules and fragments) is present at sub-monolayer 
coverage on the Ag collector.  
The use of Bi+ or Bi3
+ ions for the analysis of an Alq3 deposit on an Ag 
collector is thus not recommended because (1) the Storing Matter sensitivities 
are lower and (2) there seems to be more fragmentation than with Ar+.  
 
Al+ Alq+ AlqH+ AlqOH+ Alq+2 Al2q3O
+
1
10
100
 
S
S
to
m
at
 Ar+
 Bi+
 Bi+3
 
Fig. IV-36: Storing Matter sensitivities of characteristic positive Alq3 secondary 
ions for a Storing Matter deposit of Alq3 on an Ag collector analyzed with Ar
+, Bi+, and 
Bi3
+ primary ions. 
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Fig. IV-37: Intensity ratios of characteristic Alq3 fragments obtained for positive 
Ar+, Bi+ and B3
+ mass spectra of an Alq3 Storing Matter deposit on an Ag collector.  
 
IV.5. (f) iv)  Results and discussion: PS2000 sample 
a. Reference sample 
A PS2000 reference sample was analyzed with Bi+, Bi3
+ (experimental 
conditions given in Table IV-3) and C60
+ primary ions (with 10 keV impact 
energy, 0.4 pA ion current, 100 . 100 µm2 raster size, 3 minutes acquisition 
time, 4.5 . 1012 ions/cm2). The yield enhancements obtained by the two 
polyatomic projectiles were calculated for some characteristic fingerprint ions 
(Fig. IV-38). The enhancements of the considered fragments are between 2 
and 14. Bi3
+ gives a stronger yield enhancement compared to Bi+ than C60
+, 
except for the C7H7
+ ion. Fig. IV-39 represents the yield enhancement factors 
for the entire mass spectrum. Bi3
+ preferentially enhances high mass peaks 
while the enhancement effect of C60
+ is mainly restricted to the fingerprint 
region. This can be interpreted as an indication of higher fragmentation with 
C60
+ and less fragmentation for Bi3
+ as compared to Bi+. Increased 
fragmentation of polymers with C60
+ as compared to monoatomic projectiles 
have been reported by Wells110 and Delcorte79.  
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b. Storing Matter deposit 
Storing Matter deposits of PS2000 were prepared on an Ag and a Si 
collector according to the experimental conditions described in page 65 and 
analyzed with Ar+, Bi+ and Bi3
+ primary ions (analysis conditions in Table IV-3). 
The Storing Matter sensitivities of the PS fingerprint fragment ions C7H7
+, 
C8H9
+, C9H7
+, and C13H9
+ were calculated for each collector material and each 
primary ion type (Fig. IV-40). 
 For the Si collector, the Storing Matter sensitivities of the 4 
considered ions are maximal for Bi3
+ projectiles followed by Bi+. 
This is in agreement with literature results concerning the 
evaluation of secondary ion yields from organic thin layers or 
(sub)monolayers on Si/SiO2 substrates
65,80: the stopping power of 
these substrates significantly increases with the mass and 
atomicity of the primary ion, leading to a smaller penetration 
depth. The result is a more pronounced near-surface energy 
deposition that provides higher yields of organic secondary ions. 
 On the Ag collector, Ar+ ions yield the highest sensitivities, except 
for the C7H7
+ ion, which has very similar sensitivities with the 3 
studied projectiles. The sensitivities with Bi3
+ are higher than with 
Bi+, but this increase is much smaller than for Si collectors. This 
poor enhancement is in agreement with general trends reported 
in literature for thin organic layers on metallic substrates65: the 
energy deposited by a monoatomic projectile is already quite 
surface-localized for these substrates, and the gain obtained with 
a polyatomic ion is much lower than for silicon substrates. 
No Ag-cationized fragments were detected with Bi+ and Bi3
+, although 
some were observed when the deposit was analyzed with Ar+ (Fig. IV-25). This 
might be an indication for increased fragmentation of the PS deposit with Bin
+ 
projectiles.  
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Fig. IV-38: Yield enhancements of some characteristic PS ions obtained from 
analyzing the PS reference sample with Bi3
+ or C60
+ instead of Bi+ ions. 
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Fig. IV-39: Yield enhancements obtained when analyzing the PS reference 
sample with Bi3
+ or C60
+ instead of Bi+ ions. 
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It can be concluded from the results presented in this section that small 
monoatomic primary ions are best suited for the analysis of organic Storing 
Matter deposits on Ag collectors. In general, they provide higher Storing 
Matter sensitivities, less fragmentation, and large Ag-cationized fragments in 
the case of a PS deposit. For Si collectors a cluster projectile is the better 
option. In the case of Ag collectors, it seems that any method that increases 
the near surface energy deposition (i.e. the use of polyatomic or larger 
monoatomic projectiles) reduces the Storing Matter sensitivities of 
characteristic fragments and increases the fragmentation.  
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Fig. IV-40: Storing Matter sensitivities of 4 PS fingerprint fragments for Storing 
Matter deposits of PS on an Ag and a Si collector analyzed with Bi+ and Bi3
+ primary 
ions. 
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IV.5. (g)  Conclusions about the experimental 
parameters of the Storing Matter technique 
applied to organic samples 
This chapter constitutes a feasibility study of the application of Storing 
Matter to organic samples. In a first step, it was demonstrated that the 4 
investigated organic samples could be identified by their Storing Matter mass 
spectra on Ag collectors. Then the key parameters of the technique were 
identified and each studied in detail for one or more organic samples. In 
particular, it was shown that the collector material is of outmost importance 
for the analytical step. In general, the highest Storing Matter sensitivities of 
positive secondary ions were obtained on Ag collectors. Cs coated collectors 
were found to provide molecular information about PMMA in the negative 
analysis polarity as well as in the MCsx
+ mode. Ag collectors are of particular 
interest when molecular information from large metal-cationized fragments is 
desired. However this is only the case for relatively short polymers (<4 000 
Da), and the presence of Ag already in the sample used for sputter-deposition 
is required to obtain reasonable yields.  
The quantity of matter deposited onto the collector is a crucial 
parameter: on the one hand there should be enough matter for high Storing 
Matter sensitivities to be reached, but on the other hand the coverage needs 
to be in the sub-monolayer regime so that all the deposited particles are 
embedded in the same matrix. 
The sparseness of heteroatom-containing fragments in the Storing 
Matter spectra of PMMA and PVC was attributed to the double fragmentation 
during the sputter-deposition and the analysis step. Lowering the impact 
energy for the first step did not solve this problem; on the contrary, even a 
higher degree of fragmentation was observed. The primary ion fluence used for 
sputter-deposition was also found to have a significant impact on the Storing 
Matter spectra: already for 5 . 1013 ions/cm2 an increased contribution of 
damage-related secondary ions to the Storing Matter spectrum of PVC was 
observed. 
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As for the analysis step, the optimal primary ion type with regard to high 
Storing Matter sensitivities and/or a low degree of fragmentation strongly 
depends on the collector material. For Ag collectors, a small monoatomic 
projectile such as Ar+ gives good results, while for Si collectors a cluster 
primary ion beam such as Bi3
+ should be preferred. 
A thorough understanding of the influence of each parameter on the 
final Storing Matter mass spectrum is required for a successful application of 
the technique to more complex samples. 
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Chapter V. Application of the Storing 
Matter technique to PS/PMMA blends 
V.1  Introduction 
V.1. (a)  Context 
Applications of polymer blends and copolymers can be found in a wide 
range of technological domains, from life sciences162 to photovoltaics163. 
Consequently there is a need for quantitative and sensitive analysis of these 
materials. SIMS fulfils the sensitivity criterion and has the advantage that well-
chosen analytical conditions can preserve molecular information, but 
quantification is not straightforward due to possible matrix effects. 
Several copolymer or polymer blend systems have been studied by TOF-
SIMS57,60,61,63,164-171, often in combination with a quantitative analysis method 
such as XPS. In most cases, the conclusion was that a linear relationship 
between SIMS intensities and the actual surface composition was possible, but 
not for all the considered characteristic ions.  
As described in section II.4, matrix effects in SIMS can be classified into 
sputter-induced and ionization-induced matrix effects56. In the case of molecular 
secondary ions, an additional issue related to the fragmentation mechanisms 
needs to be considered: they can be formed via different fragmentation 
pathways from different precursors. Matrix effects in polymer samples can be 
due to short-range interactions between adjacent functionalities (matrix effect 
of first type, MEI) or long-range interactions between non-covalently bonded 
groups (matrix effect of second type, MEII)58.  
The main idea behind the development of the Storing Matter technique 
was the possibility of quantitative SIMS measurements via an elimination of 
ionization-induced matrix effects. We chose to apply this technique to a 
polymer blend system. The application to a copolymer system would be more 
delicate since short-range interactions between covalently bonded 
functionalities would most probably persist.  
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V.1. (b)  Sample preparation  
The polymer system studied in this chapter is a series of PS/PMMA 
blends different compositions. Solutions of PS2000 and PMMA2000 in 
toluene with 5 different mass ratios of both polymers (0/100, 25/75, 
50/50, 75/25 and 100/0) were prepared. The corresponding molar 
concentration ratios are very similar since the monomer units of both polymers 
have approximately the same mass. The total polymer concentration in each 
solution was 2 wt%. The solutions were used for spin-coating on cleaned Si 
wafers with an acceleration of 10 000 rpm/s and a rotation speed of 3000 
rpm during one minute. The thickness of the resulting polymer layers is 
estimated to 50 - 70 nm. The samples were analyzed without annealing. 
It is well known that PS and PMMA are immiscible. In most polymer 
blends, phase separation is observed in the bulk, leading to the formation of 
microdomains and an enrichment by one component near the polymer/air 
interface172-174.  
 
V.1. (c)  Determination of the surface composition by 
XPS 
In order to verify if the surface composition is equal to the bulk 
composition of the spin-coated polymer films, XPS measurements were 
performed using an Axis Ultra DLD spectrometer (Kratos Analytical). The 
instrument is equipped with a monochromatized aluminium X-ray source 
powered at 10 kV and 50 mA that delivers an X-ray beam of 300 . 700 µm2. 
Charge compensation was obtained with the built-in charge neutralisation 
system. The pass energy was set to 160 eV for survey spectra and to 20 eV 
for high resolution spectra.  
On each sample, a survey spectrum was taken, followed by individual 
spectra of C1s and O1s, and again a spectrum of C1s after 5 minutes in order 
to check if there was any X-ray induced degradation during the analysis time. 
This does not seem to be the case since no significant change in the C1s 
peak’s shape or intensity was observed.  
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In the survey scans, no Si signal was detected, which confirms that the 
thickness of the polymer layer exceeds the information depth of XPS (~ 10 
nm).  
In the XPS spectrum of the pure PS sample (a polymer consisting only of 
C and H atoms), the O1s peak was observed, suggesting that a small amount 
of oxygen-containing contaminants was present on the sample surface. For the 
quantification of the blends, only the C1s signal was used. The different 
contributions in the C1s core-level shift as well as their association with either 
PS or PMMA are given in Table V-1. 
contribution binding energy (eV) associated polymer 
C-(C,H) 284.7 PS 
shake-up 291.4 PS 
C-(C,H) 285.0 PMMA 
C-C(O)-O 285.8 PMMA 
C-O 286.9 PMMA 
O=C-O 289.1 PMMA 
Table V-1: Binding energies of the different contributions in the C1s core level 
shift observed in the PS/PMMA blend samples and their association with either PS or 
PMMA. 
 
Table V-2 shows the composition in the bulk and at the surface of the 
PS/PMMA blend samples. The bulk compositions are derived from the relative 
concentrations in the solutions used for spin-coating, and the surface 
composition was calculated from the XPS results taking into account the C1s 
contributions of both polymers (except for the shake-up). 
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bulk composition (PS/PMMA) surface* composition (PS/PMMA) 
25/75 45/55 
50/50 66/34 
75/25 83/17 
Table V-2: Composition in the bulk and at the surface of the PS/PMMA blend 
samples. *In this context, “surface” refers to the topmost ~ 10 nm of the sample, i.e. 
the sampling depth of XPS. 
 
According to the XPS measurements, the surface of the PS/PMMA 
blend samples is enriched with PS, which can be assigned to the difference in 
surface free energy of PS and PMMA. In the following sections of this chapter, 
the calculated values for surface composition were used. However it is 
important to note that the sampling depth of XPS (~ 10 nm) is much larger 
than that of TOF-SIMS and that the actual composition in the topmost 
monolayer (which constitutes the main source of information for the latter 
analysis technique) might be different from the values obtained by XPS. 
 
 
V.2 Characterization of PS/PMMA blends 
by TOF-SIMS 
V.2. (a)  Analysis with monoatomic primary ions 
The 5 samples obtained by spin-coating were first analyzed by TOF-SIMS 
with 25 keV Bi+ primary ions (0.88 pA, 100 . 100 µm2, 120 s).  
Fig. V-1 and Fig. V-2 display the evolution of the normalized intensities of 
two positive characteristic PS and PMMA ions: C7H7
+ (m/z=91), and the 
protonated monomer C8H9
+ (m/z=105) for PS, and CH3O
+ (m/z=31, 
associated with the methyl ester function), C2H3O2
+ (m/z=59, associated with 
the methyl methacrylate group), and C5H9O2
+ (m/z=101, the protonated 
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monomer unit) for PMMA. The absolute intensities were normalized to that of 
the pure PMMA sample for a better comparison.  
Fig. V-3 displays the evolution of the normalized intensities of some 
negative characteristic PMMA ions: O- (m/z=16), CH3O
- (m/z=31, associated 
with the methyl ester function), C4H5O2
- (m/z=85, the monomer unit minus a 
methyl group), and C9H13O4
- (m/z=185, the dimer minus a methyl group). The 
absolute intensities were normalized to those measured on the pure PMMA 
sample for a better comparison. The peaks in the negative mass spectrum of 
PS are not very specific (section IV.3. (c) ii) ) and will not be considered here. 
A linear relationship between peak intensity and PS concentration is only 
observed for small negative PMMA ions (O-, OH-, CHO-, and CH3O
-) (Fig. V-3, 
right). The yields of all the other considered secondary ions are obviously 
influenced by strong matrix effects in the blend samples: 
 The characteristic PS peaks are higher for the blend samples 
than for the pure PS sample (Fig. V-1).  
 The positive (Fig. I-2) and the larger negative (Fig. I-3) peaks of 
PMMA are all lower in presence of PS than they should be for a 
linear intensity-concentration relationship.  
The intensity evolutions obtained with 10 keV Ar+ primary ions are very 
similar (not shown). 
The total positive secondary ion intensity strongly decreases with 
increasing PS concentration (Fig. V-4). In order to check if this is related to a 
change in sputter yield with sample composition, sputter craters obtained with 
identical conditions of Bi+ bombardment were measured by stylus profilometry 
(Tencor P-10 Surface Profiler, Tencor Instruments). These measurements 
revealed significant differences in the sputter rates of the 5 studied samples. 
Fig. V-5 displays the sputter rates normalized to the value measured for the 
pure PMMA sample. These rates should be considered with care, since they 
were measured for a relatively high primary ion fluence, and it is not clear if 
these values can be extrapolated to the low fluence used for the TOF-SIMS 
analyses. It should also be mentioned that the sputter craters seemed very 
flat, indicating that there is no significant preferential sputtering of one of the 
polymers.  
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Fig. V-1: Normalized intensities of positive characteristic PS ions as a function 
of the PS concentration.  
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Fig. V-2: Normalized intensities of positive characteristic PMMA ions as a 
function of the PS concentration.  
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Fig. V-3: Normalized intensities of negative characteristic PMMA secondary 
ions as a function of the PS concentration.  
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Fig. V-4: Total positive secondary ion intensity measured with Bi+ primary ions 
as a function of the PS concentration. R2 is the coefficient for linear regression. 
 
It is thus likely that the observed matrix effects are a combination of 
sputtering- and ionization-induced effects. For the ionization contribution, only 
MEII (long-range interactions) can be considered for this type of samples 
because the styrene and methyl methacrylate units are not covalently bonded 
and the end groups are always the same for all the polymer chains (butyl end 
groups). The origin of this matrix effect is probably hydrogen transfer between 
spatially close styrene and methyl methacrylate units.  
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Fig. V-5: Normalized sputter rates for the different blend compositions 
measured with Bi+ at high primary ion fluence. 
 
It is interesting to note that the evolution of the absolute secondary ion 
intensities with the sample composition is qualitatively exactly identical with 
those obtained by Vanden Eynde et al. for random copolymers with varying 
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styrene and methyl methacrylate content166. This is the case for all the positive 
and negative secondary ions considered by these authors. They presumed that 
short-range matrix effects (MEI) between covalently bonded comonomers were 
the main reason for the non-linear evolution of the peak intensities with styrene 
content. Based on this assumption, they developed a model that related the 
statistical distribution of different triads (probability of obtaining a given 
sequence of 3 comonomers, calculated from the reactivity ratios during the 
polymerization reaction) to the peak intensity, which allowed them to calculate 
yield enhancement/suppression factors for different ions63. They concluded 
that hydrogen transfer from MMA units to covalently bonded styrene groups 
were the main reason for the observed matrix effects. However, the results 
presented in this section about polymer blends suggest that sputter-induced 
and ionization-induced MEII effects may also play a significant role in the 
copolymer system studied by these authors. 
 
V.2. (b)  Analysis with polyatomic primary ions 
The PS/PMMA blend samples were also analyzed with polyatomic 
primary ions in the TOF5 instrument. Bi3
+ ions were used at an impact energy 
of 25 keV, 0.64 pA ion current, 100 . 100 µm2 raster size and 100 s 
acquisition time. C60
+ ions had an impact energy of 10 keV, 0.1 pA, 100 . 100 
µm2 raster size and 180 s acquisition time. Since the trends with both primary 
ions were the same for all the considered secondary ions, only the results 
obtained with Bi3
+ are shown here.  
Fig. V-6 shows the evolution of the normalized intensities of some 
positive characteristic PS and PMMA ions as a function of the sample 
composition. For a better comparison, the absolute intensities were normalized 
to those measured on the pure PMMA sample. The evolution of the normalized 
intensities with Bi3
+ and C60
+ is different from that obtained with the monoatomic 
projectiles. The C7H7
+ curve is much closer to linearity than for Bi+ 
bombardment (Fig. V-1), while the C8H9
+ intensities are still higher in the blend 
samples than they should be. The intensity-concentration relationship of positive 
and negative (not shown) PMMA ions is much closer to linearity than with 
monoatomic ions. It is likely that mono- and polyatomic ions affect the sputter 
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rates of the blends in different ways. The relative sputtering yields with Bi3
+ 
varied with the sample composition in the same way as with Bi+. 
In addition to variations in sputtering yields, most secondary ion 
intensities seem to be affected by an additional matrix effect related to a 
dependence of ionization/fragmentation probabilities on the chemical 
environment (MEII). In the next section, the potential of Storing Matter for 
reducing this effect will be assessed.  
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Fig. V-6: Normalized intensities of positive characteristic PS (left) and PMMA 
(right) ions as a function of the PS concentration.  
 
 
V.3 Storing Matter deposits of 
PS/PMMA blends on Ag collectors 
The PS/PMMA blends were sputter-deposited onto Ag collectors with a 
10 keV Ar+ beam (experimental conditions given on page 65). After UHV 
transfer to the TOFIII instrument, the deposits were analyzed with 10 keV Ar+ 
primary ions (experimental conditions on page 65).  
Fig. V-7 shows the Storing Matter sensitivities of some characteristic 
positive PS and PMMA ions. The PS peaks clearly increase with PS 
concentration and the PMMA peaks decrease, but these curves are far from 
being linear, except for C8H9
+.  
The protonated monomer of PMMA (C5H9O2
+) was not observed in the 
Storing Matter spectra, but its Ag-cationized counterpart was detected. The 
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Storing Matter sensitivities of the Ag-cationized monomer units of PS and 
PMMA are shown in Fig. V-8. The sensitivity of AgC5H8O2
+ shows an almost 
linear decrease with PS content, but the sensitivities of the Ag-cationized 
styrene monomer are low and their evolution is not linear.  
The evolution of the Storing Matter sensitivities of the negative PMMA 
peaks is approximately linear (Fig. V-9).  
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Fig. V-7: Storing Matter sensitivities of characteristic positive PS and PMMA 
ions as a function of the PS concentration.  
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Fig. V-8: Storing Matter sensitivities of the Ag-cationized PS and PMMA 
monomer units as a function of the PS concentration.  
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It has been shown above that the sputter yields of the PS/PMMA 
samples decrease strongly with increasing PS content. The amount of matter 
emitted during the sputter-deposition step is thus not the same for the 
different blend compositions, but it varies proportionally with the relative 
sputter rates of the samples. However, correcting the Storing Matter 
sensitivities by the relative sputter rates does not lead to the expected 
variations. For example, several negative PMMA peaks increase and some 
positive PS peaks decrease with increasing PS content (not shown). This 
indicates that the sputter yield correction by means of the relative sputter 
rates measured at high fluence is not appropriate to account for the different 
amounts of matter sputtered during the sputter-deposition of the blend 
samples. Indeed the difference in sputter yield for the different samples at the 
low fluence used for sputter-deposition (5 . 1012 ions/cm2) might be significantly 
lower, because the chemical damage has not accumulated yet. For accurate 
values, a more sensitive method should be used to measure the sputter rates 
at low fluence, for example the determination of the sputtered mass with a 
quartz microbalance133.  
 
3 series of Storing Matter deposits were prepared with identical 
sputter-deposition and analysis conditions in order to check the reproducibility. 
Fig. V-10 shows the average Storing Matter sensitivities and the error bars 
(corresponding to the standard deviation) calculated for the 3 series. For C7H7
+ 
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Fig. V-9: Storing Matter sensitivities of characteristic negative PMMA ions as a 
function of the PS concentration.  
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the relative error is quite large, which is probably due to the relatively low 
values of SStomat of this fragment. For C2H3O2
+ the evaluation is approximately 
linear and the relative error is smaller.   
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Fig. V-10: Average Storing Matter sensitivities of C7H7
+ and C2H3O2
+ of 3 data 
series. The red line represents a linear fir of the data points and R2 is the coefficient 
for linear regression. 
 
The efficiency of the Storing Matter technique to reduce matrix effects 
in the PS/PMMA blends is thus hampered by two elements: the lack of 
knowledge of the relative sputter rates at low fluence and the large error 
accumulated during the different steps of the technique: sample and collector 
preparation, sputter-deposition, and analysis of the deposits. Especially the 
cleanliness of the pristine collectors plays a crucial role since it strongly 
influences the values of SStomat.  
 
V.4 MetA-SIMS: a simple way to reduce 
matrix effects in PS/PMMA blends 
Inoue et al. studied the capability of the MetA-SIMS technique to reduce 
matrix effects observed in TOF-SIMS analyses of Irganox1010 and silicon oil 
coatings on Si and polypropylene (PP) substrates175. After deposition of a small 
amount of Ag onto these samples, the authors found that the matrix effects 
observed in a traditional SIMS analysis were strongly reduced.  
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V.4. (a)  Experimental conditions 
This approach was tested for the PS/PMMA blends. The samples were 
covered with 2 nm (nominal thickness) of Ag in the collector coating chamber 
(page 55), transferred in air to the TOF5 instrument and analyzed with 25 keV 
Bi+ primary ions (0.88 pA ion current, 100 . 100 µm2 raster size, 90 s 
acquisition time). 
 
V.4. (b)  Results and discussion 
The intensities of some characteristic PS and PMMA peaks measured 
on the Ag-coated blend samples are shown in Fig. V-11 and Fig. V-12.  
For the characteristic peaks considered in Fig. V-11 and Fig. V-12, the 
evolution of the intensity with the sample composition is linear (coefficients for 
linear regression higher than 0.94). This suggests that the ionization- and 
sputter-induced matrix effects observed in the traditional SIMS analyses on the 
blend samples are eliminated. 
The absolute intensities of the Ag-cationized monomer units, especially 
for PMMA, also show an approximately linear behaviour (Fig. V-13). 
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Fig. V-11: Absolute intensities of characteristic PS ions for PS/PMMA blends 
covered with a small amount of Ag. R2 is the coefficient for linear regression. Data 
points resulting from 3 measurements are shown.  
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Fig. V-12: Absolute intensities of characteristic PMMA ions for PS/PMMA 
blends covered with a small amount of Ag. R2 is the coefficient for linear regression. 
Data points resulting from 3 measurements are shown.  
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Fig. V-13: Absolute intensities of the Ag-cationized monomer units as a function 
of PS content. R2 is the coefficient for linear regression. Data points resulting from 3 
measurements are shown. 
 
 
V.5 Conclusions 
The method that gives the best linear evolution of the considered 
characteristic secondary ions with the blend composition is MetA-SIMS. For the 
other methods, the trends vary strongly for the different secondary ions.  
In the case of MetA-SIMS, the diffusion of polymer chains on Ag clusters 
(or vice versa) allows to eliminate sputtering- and ionization-induced matrix 
effects. Short-range matrix effects (MEI, for example due to proton transfers 
between functionalities that are directly adjacent within a polymer chain) cannot 
be eliminated by this method. This means that MetA-SIMS could possibly be 
used to distinguish between MEI and MEII effects in copolymer systems. 
However, for larger polymer chains the diffusion on the Ag islands is less 
efficient, and matrix effects might not be fully eliminated in this case. 
For the TOF-SIMS analyses of the blends with different primary ions and 
for the Storing Matter sensitivities, the major difficulty resides in the correction 
of the sputter rate variations. For a precise correction it would be necessary to 
measure the relative sputter rates for low primary ion fluences. 
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Chapter VI. Conclusions and outlook 
VI.1 General conclusions 
SIMS is a sensitive surface analysis method that has been used for a 
wide range of applications in various domains. Its major drawback is the so-
called matrix effect, which is due to a change of the ionization efficiency as a 
function of the chemical environment of the considered atom or molecule and 
which makes quantitative analysis very difficult. The Storing Matter technique 
was developed in order to circumvent the matrix effect while still keeping an 
excellent sensitivity: in a first step, the sample surface is sputtered by an ion 
beam and the emitted matter is deposited at sub-monolayer level onto a 
dedicated collector. Then the collector is transferred under UHV conditions to 
a SIMS instrument where the deposit is analyzed. If the deposit coverage is in 
the sub-monolayer range, all the deposited particles are surrounded by the 
same matrix, i.e. the collector material.  
The main goal of this work was the study and setup of experimental 
conditions for the application of the Storing Matter technique to organic 
samples. In this case, it is particularly important that molecular information is 
preserved. The key parameters of the technique were studied in detail and the 
optimal conditions with regard to high ionization efficiency and low 
fragmentation could be defined. 
The nature of the collector surface can be considered to be the main 
parameter of the Storing Matter technique. Indeed, this material constitutes 
the common matrix for all the deposited particles during the SIMS analysis of 
the deposit. The collector material should thus be carefully chosen with regard 
to the desired outcome of the final analysis (i.e. secondary ion polarity, 
detection of metal-cationized fragments, etc.). It was shown that for a static 
SIMS analysis with Ar+ primary ions in positive mode, Ag collectors are a good 
choice, since the characteristic peaks of the studied organic samples could be 
easily distinguished from the background signal measured on a pristine Ag 
surface. This “visibility” of the Storing Matter deposit was quantified by the 
Storing Matter sensitivity SStomat, which was defined as the ratio of the absolute 
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intensity of a given secondary ion in the centre of the deposit by that measured 
on the pristine collector. For a given characteristic secondary ion of the sample 
to be analyzed, SStomat depends on several factors: 
 The amount of deposit present on the collector, which can be 
controlled by the experimental conditions of the sputter-deposition 
(primary ion energy, fluence, etc.), but which also depends on the 
sticking coefficient of the emitted particles on the collector; 
 the yield enhancing effect of the collector material (resulting from 
the combination of sputtering, fragmentation, and ionization) for 
the considered ion during the analysis of the deposit; 
 the intensity of this ion measured on the pristine collector (i.e. 
the “background” signal).  
The last point is related to the main drawback associated with the 
chosen definition of SStomat: the values obtained for a secondary ions that has a 
low intensity on the pristine collector can be strongly influenced by a small 
variation of this intensity. In such a case, a variation of SStomat cannot be used to 
draw any conclusions about the Storing Matter deposit. 
Another advantage when using Ag collectors is that the proportion of 
larger fragments in the Storing Matter mass spectra recorded with Ar+ 
primary ions is higher, suggesting that there is less fragmentation during the 
analysis step. Furthermore, it was possible to detect large Ag-cationized 
fragments in the case of PS, especially if Ag is already present in the initial 
sample used for sputter-deposition (MetA-SIMS or ME-SIMS samples). This is 
however only possible for low molecular weight polymers (less than 4000 Da), 
probably because the diffusion processes are not efficient enough for longer 
chains. Although Au is widely used in the MetA-SIMS and ME-SIMS domains, 
Au collectors were found to be inappropriate for the Storing Matter technique 
because the positive hydrocarbon peak intensities are already very high on a 
pristine Au collector surface. The reason was found to be a strong matrix 
effect, and not a higher level of contamination than on the Ag layers prepared 
with the same experimental conditions. A collector consisting of a Cs coated Si 
wafer gives useful organic information in the negative polarity as well as in the 
MCsx
+ mode.  
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The design of the Storing Matter prototype and the UHV suitcase make 
it possible to keep the collectors under UHV conditions during the entire 
Storing Matter process, from the evaporation of the metallic layer until the final 
analysis of the deposit. The striking changes in the positive mass spectrum of a 
pristine Ag collector before and after a brief exposure to air emphasized the 
importance of the UHV transfer.  
The parameters of the Ar+ beam used for the sputter-deposition step 
should be chosen carefully. It was shown that the increasing damage by ion 
irradiation for sputter-deposition fluences above the static limit is well visible in 
the Storing Matter spectra. Therefore the static limit should not be exceeded 
for both the sputter-deposition and the analysis steps. The impact energy of 
the Ar+ ions during sputter-deposition was varied for different organic samples. 
It was shown that a lower energy decreases the amount of matter deposited 
onto the collector because of a decrease in sputtering yield, but also that the 
proportion of large organic fragments significantly decreased in the case of 
Alq3. For PVC and PMMA, the sparseness of Cl- and O-containing fragments in 
the Storing Matter spectra was not affected by the change in impact energy. 
However these observations should be relativized since the impact energy used 
for the analysis step was always 10 keV. Even if sputter-depositions at low 
energy eject larger fragments, it is possible that the latter are destroyed during 
the analysis step and cannot be detected in the Storing Matter spectra. 
The amount of matter present on the collector should be in the sub-
monolayer regime for the Ag collector to be the common matrix for all the 
deposited particles. This is a prerequisite for the circumvention of the matrix 
effect in the case of multi-component samples. On the other hand, the deposit 
density should be high enough to yield reasonable signal intensities in the 
Storing Matter spectrum. The deposit coverage is influenced by the total 
number of primary ions used for sputter-deposition, the sputter yield of the 
organic sample with the given ion beam parameters, and the sticking factor of 
the emitted matter on the collector surface. 
The primary ion type used for the analysis of the Storing Matter deposits 
also has a significant impact on the Storing Matter mass spectra. With Ag 
collectors, Ar+ primary ions yielded the highest Storing Matter sensitivities for 
most characteristic peaks, while for Si collectors, Bi3
+ projectiles were more 
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efficient. The largest proportion of large fragments was found for Ar+ analysis 
of Storing Matter deposits on Ag collectors. 
 
Globally it can be concluded that the sputter-deposition step should be 
optimized with regard to the ejection probability of large organic fragments, 
while the main objective of the analysis step should be increased ionization 
efficiencies and a reduction of double fragmentation. The best combination of 
experimental parameters, at least for the samples studied in this work, is the 
following: 
 samples consisting of a thin organic overlayer on a metal 
substrate 
 sputter-deposition with a low fluence of 10 keV Ar+ ions 
 use of Ag collectors 
 UHV transfer of the collectors 
 TOF-SIMS analysis with Ar+ primary ions. 
 
The potential of the Storing Matter technique for the reduction of matrix 
effects was investigated for PS/PMMA blends with different compositions. It 
was found that the matrix effects observed in this system are not only 
ionization-induced, but that they are also due to a change in sputtering yield 
with the sample composition. This fact also needs to be considered for the 
Storing Matter technique, since the quantity of deposited particles increases 
with the sputter yield. For a precise correction of the Storing Matter 
sensitivities by the sputter rate of each sample, measurements of this rate 
should be carried out at low fluence. A polymer blend of two components with 
similar sputter rates would be a good model sample to study the elimination of 
the ionization-induced matrix effects in more detail. 
An alternative method for the reduction of matrix effects in PS/PMMA 
samples was proposed: MetA-SIMS, which consists in applying a small amount 
of a noble metal (Ag in this case) onto the organic samples prior to the TOF-
SIMS analysis, seems to be a simple and efficient approach to reduce sputter- 
and ionization-induced matrix effects. 
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VI.2 Outlook 
The Storing Matter spectra obtained for the 4 organic samples with the 
optimal combination of experimental parameters cited above do not provide any 
added value compared to a traditional TOF-SIMS, MetA-SIMS or ME-SIMS 
spectrum. Storing Matter is thus not competitive with these techniques, at 
least not within the range of experimental conditions explored in this work. 
A parameter that could not be tested during this work but that is very 
likely to have an influence on the amount and size of organic fragments on the 
collector is the primary ion type used for sputter-deposition. Although TOF-SIMS 
analyses of Alq3 reference samples indicate that fragmentation was more 
important with polyatomic projectiles, many authors have reported a lower 
degree of fragmentation, less damage accumulation, and much higher sputter 
yields than with monoatomic primary ions. With polyatomic primary ions it may 
be possible to increase the fluence for sputter-deposition, which means that a 
smaller sample area would be required for one deposit.  
Furthermore, sputter-deposition of organic samples onto metallic 
collectors with cluster primary ions would be an innovative way to combine 
MetA-SIMS and cluster-SIMS. The results reported so far from the combination 
of these two approaches for TOF-SIMS analyses have been rather 
disappointing: since the yield enhancement obtained from the two methods 
separately is based on the same mechanism, i.e. an increased near surface 
energy deposition, their benefits in terms of yield enhancement do not add up. 
With the Storing Matter technique, MetA-SIMS and cluster SIMS could be 
combined in an indirect way: first, sputtering of large intact fragments, and 
second, analysis (with monoatomic ions) of these fragments embedded in the 
cationization-enhancing Ag matrix. 
The main application of the Storing Matter technique for inorganic 
samples is quantitative depth profiling. In this case, a small aperture is 
positioned in front of the collector in order to delimit the solid angle of the 
deposited matter, and the collector is rotated during sputter-deposition. This 
experimental setup allows converting depth information from the sample into 
lateral information on the collector. Since the deposit coverage is in the sub-
monolayer range, ionization-induced matrix effects can be eliminated176. For 
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organic materials, Storing Matter depth profiles are in principle possible, but 
only with carefully chosen ion beam parameters. Cluster primary ions and 
reactive ions such as Cs+ would be interesting for this application since they 
have been successfully used for molecular depth profiling. 
Two aspects that also deserve a more thorough investigation are the 
physical characterization of the organic Storing Matter deposits (island 
formation, diffusion, etc.) and the sticking factor of organic particles on a given 
collector surface. This would provide a deeper insight into the fundamental 
processes involved in the secondary ion emission processes.  
The Storing Matter prototype is currently used in the frame of a project 
dedicated to the preparation and multi-technique characterization of organic 
submonolayers on different substrates, and the results of the study presented 
in this work serves as a basis for the choice of experimental conditions. 
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